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CHROMOSOMES OF DIPLOID, TETRAPLOID, AND TRIPLOID SPINACH 


Figure 1 


1 and B—shows chromosomes of diploid spinach. A—metaphase I. PMC with 6,7. Not 
precocious separation of one chromosome pair; 8—metaphase II showing 12 chromosomes, six 
chromosomes in each of the daughter plates. C and [)—shows chromosomes of tetraploid 
spinach: C—metaphase [. PMC with 10;; +1;y; D—metaphase II showing 24 chromosomes, 
12 chromosomes in each of the daughter plates. E-P—shows chromosomes of triploid spinach 
E—metaphase I. PMC with 5y47 + lpy +11; /’—metaphase I. PMC with 6771;G meta 
anaphase I showing six bivalents and six univalents: (in black). //—lagging chromosomes in 
telophase I; /«.—metaphase II showing 18 chromosomes distributed to the daughter plate 
9—9 (1), 10—8 (J), 11—7 (K), and 12—6 (L); M and N—abnormal cytokinesis; O and P 
abnormal “tetrad” formation showing microcytes 





THE EFFECTS OF POLYPLOIDY ON SEX 
EXPRESSION IN SPINACH 


JuLEs JANICK AND E STEVENSON * 


KNETIC analyses of sex deter Petraploid pistillate tetraploid 
mination in spinach (.S pinacia staninate 
oleracea \..) indicate that the sex Che results of these crosses will be di 
ratio in dioecious spinach 1S controlled cussed Da ordet 
by a single factor pair X and ¥.5 The 1. Diploid pistillate * diploid stam 
monoecious character is controlled by nate 
one major factor that acts as an allele lwo diploid staminate plants were 


to the XY factors, and in addition, there crossed with a number of diploid pistil 


are modifying genes affecting the late plants Phe progemes, a 


g 
portion of pistillate to staminate Fable I, gave a good fit to a 
ers.” Research with polyploidy wi ) » staminate to one pistillate 
dertaken to study further the genet ‘d assuming staminate plant 
+1] ? 


mechanism conditioning sex expression gene! 1\ ana pist! late 


Genetics 
Seed of two. varieties. of spinach, ified as mot 
long Standing Bloomsdale and Nobel dicate the presence of modifying 
were soaked in water for 24 hours and follows tl the genotypes of 
then in .2 percent aqueous solution. of ne mau tetraploids are 


colchicine for an additional 24 hour ' ' tn vistillat 

n pistillat 
One hundred and twenty-seven plants dos atiniintiabt 
grew to maturity of which 54 percent 


Tetraploid pistillat 


vere staminate, 42 percent were puistil 
/ rity) 

late and four percent were monoecious laminate 

wo diplo. staninate 


| loid and 


this population, seven plants were 


subsequently shown to be tetraploid of 


Krom 


which two were staminate, four were 
| 11s sel m «7 () - 
pistillate, and one was monoecious his CT c 


observed sex ratio of the tetraplot Is was difference 


of the the diploid of 
de I ich of the two stam plan 
sses d ignated is "on lable | 


g N106 as the staminate parent, tl 


not dissimilar from the sex ra 
population from which they were 
rived, There is little, evidence from these 


{ 


data to suggest, therefore, that doubling 
progemes segreg ited one pl tillate 


monoeciou to on tanlnate whe 


of the chromosome number alters the sex 
type 
, 1 1 +] 14 1] ‘ ¢ ; 1 ] 
\ number of crosses involving. the he pistiliate parent wa tetraploid of 
diploid and tetraploid sex types were 
| at le rd = t] J TABLE I Segregation in the progenies of diploid 
made by isolating selected pl ints im I pistillate ~ diploid staminate crosses in spinach 
greenhouse. These included 
1. Diploid pistillate & diploid stami 
nate 
Petraploid — pistillate Ladi 
Stamnnate 
Diploid pistillate tetraploid 


staminate 


ploid 


*Department of Horticulture Purdue University, Latayette, Indiana 
817. Agricultural Experiment Station, Lafayette, Indiana 
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STOMATA AND EPIDERMAL CELLS OF DIPLOID, TRIPLOID 
AND TETRAPLOID SPINACH 


Figure 2 


‘rom left to right are shown the stomata and epidermal cells 


ploid spinach 


diploid. The consistent increase in the 
number of staminate plants over a ratio 
of one staminate to one pistillate or 
monoecious in the progenies of crosses 
designated as “B”, using B72 as the 
staminate parent on tetraploid and dip- 
loid pistillate plants, suggests some pe- 
culiarity of this particular diploid stami 
nate plant. 

3. Diploid pistillate 

staminate 
Of the two tetraploid staminate plants 


tetraploid 


TABLE II. Segregation in the progenies of tetra- 
ploid and diploid pistillate * diploid staminate crosses 
in spinach 


of progenies 


Distributior 
t Pistillate 


Staminate Monoecious 


nS X 2 
BITS w NIOG 


ng . 
BRs & NIOG 
B28 w NIOG 
NI1O & NIO6 
BR? &w NIOG 

K NI06 


of diploid, triploid and tetra 


produced, one (B55) 


a diploid pistillate plant and the other 
(B119) was crossed with five pistillate 
plants, four of which were diploid and 
one of which proved to be tetraploid. 
The results of the diploid pistillate 
tetraploid staminate crosses are present 
ed in Table ITI. 

In the cross designated as “A”’ (Table 
II1), the progeny of 13 staminate to 
three pistillate (a ratio of five staminate 
to one pistillate) was observed. In the 
cross designated as “B”’, however, where 
four diploid pistillate plants were crossed 
with one tetraploid plant 
(B119), three of the progenies appear 


. 41 
was crossed with 


staminate 
TABLE III. Segregation in the progenies of diploid 
pistillate tetraploid staminate crosses in spinach 


Distribution of progenies Tot 
Staminat Monoecious Pistil 
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POLLEN OF DIPLOID, TRIPLOID AND TETRAPLOID SPINACH 
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Typical chromosome 


and J) 


quadrivalents per cell 
figures are shown in Figure 1¢ 
In triploids (3n 18) trivalent 
predominates as shown in Figure 1lE 
Chrom segregation at anaphase | 
calculated by counting the number of chromo 
somes at each of the daughter plates of the 
pollen mother cells in metaphase II of meio 
There are four possible segregation types 
10-8, 11-7, and 12-6 as shown in Figure 
The frequency of these types 
in a total of 185 cells indicates 
randomness for the distribution 
“extra” chromosomes in triploids as 
in 1 able VI 
Lagging 
telophase I as 


pairing 
and / 


sone Was 


sis 
99 
1/-/ 


served 


as ob 
com 


the 


1 
snown 


ol 


plete 


SIX 


were observed in 
hown i Figure 1//, although 
they were not numerous, These laggards are 
responsible for some of the abnormal types of 
cytokinesis observed in triploids and result in 
the production of microcytes as shown in Fig 
ure 10 and P These probably 
account for a large part of the pollen abortion 
The high pollen viability 
that all pollen with at 
the six different chromo 
of the 


chromosomes 


microcytes 


found in triploids 
ol triploid 
least 


ames | 


suggests 
of each of 
regardless 


one 
viable chromoson 


number or balance 


Discussion 


utilizing polyploidy in 
undertaken to distin 
hypotheses concerning the 


| hese 


spinach were 


experimetits 
originally 
guish between two 
nature of the genetic mechanism condi 
tioning the monoecious character. One hy 
pothesis® contains the assumption that the X}) 
factors consist of 
lent to sex chromosomes although not hetero 
morphic, The monoecious character was 
to be due to an altered balance 
tween the X and ) chromosomes as proposed 
by Love!! for certain intersex types in Melan 
Under these assumptions 


exact 


a complex of genes equiva 


con 
} 


sidered Ve 


driunm rubrum 
XX 
Y ) 
YyX 


pistillate 
staminate 
(segregating 


upon 


Mmonvoecwus 
pistillate 
selfing ) 

true breeding monoecious 


plants 
YyX) 
The Ny condition was assumed to come 


through crossing-over between the A 
chromosomes, and the different monoe 


about 


and Y 


Frequency of the four types of chromo- 


TABLE VI. 
18) 


some segregation in anaphase I in triploid (3n 
spinach 


Numbe { cells with the 
following types of ch s 
segregation in anaphase I 


12-6 11 10-8 


(bserved f 


Fupected* os 


* Assuming 


of I leredity 


cious phenotypes as regards the proportion of 
pistillate to staminate flowers are explained by 
assuming different proportions of X to ) 
It was thought to duplicate 
altered balance of and YY chromosome 
with different entire XY and Y 
chromosome brought about by polyploidy un 
der the assumption that an XXY genotype 
should be comparable in phenotype to the 
XyX condition. If the suggested hypothesis 
is correct, the triploid progeny from the cross 
between a tetraploid pistillate plant, YN XX, 
and a diploid staminate plant, X Y, should then 
appear in a ratio of one monoecious (XY XY) 
to one pistillate (XXX), viz 
XXXX K X) rixar 


] monoecious 


possible this 
the 4 


\ 
doses of the 


1XXX 
l t 


illate 


pl 
! 


the 


Mono 


The alternate hypothesis® contains as 
siunption that the factor conditioning 
cism is due to a gene, X”, that is allelic to the 
XY factors. Under this assumption YX Y 
types are expected to be staminate 
The results of the tetraploid pistillat 

diploid staminate crosses indicate that one 
half of such progeny is staminate. This indi 
cates that the YX) genot staminate 
The XXX types are 
depending on modifying 

XXXX Y) XX VX i 
7] pist 


pe 1s 


monoecious 


pistillate or 


] staminate illate 
of the hypothe 


due to a 


These data led to the 
sis that the monoecious character is 
halance between the X and } 
brought about by crossing-over 
As the triploid VX) 
progeny from a diploid pistillate 


would be 


rejection 
chromosome 


staminate 
tetra 
to 
one 
of 


types are 
the 
ploid 
segregate 
pistillate 
YX )) 


YX 


cross expect | 


ratio ot 
random 


staminate 


ina five staminate t 
assuming 
factors 


YX Y) 


disjunction 


XVYY :4XXY 31 XX4d 


5 staminate : 1 pistillate 


>| 


Ihe results of the diploid pistillate tetra 
ploid staminate cross are somewhat conflicting 
in that while two lines gave progenies 
gating in a ratio of five staminate to one pis 
tillate, three segregated in a ratio of 
two staminate to one pistillate. These results 
can be explained either on the basis of chance 
non-random disjunction of — the 
by contamina 


by 


seyre 


lines 


deviation, 
VX )'Y factors, 
tion by diploid pollen 
diploid pollen would superimpose a 1 : 1 
5 ratio resulting in a ratio 
and greater than 1:1. There 
that contamination with diploid pol 
account tor of the deviation 

a 5:1 ratio for out of 19 plants exam 
ined from these three lines, diploid plant 
was found. Further studies? indicated 
that there is random disjunction of XX¥) 
tactors 


Phe tetraploid pistillat 
gave progeny 


assuming 
Cross pollination 


or 


on a 
less 


Was 


] scx scx 
than 5:1 
cy cle nee 

len could 
from 5 


SOE 


One 


have 


tetraploid stami 
that did not differ 


nate cross 





significantly from a ratio of five staminate 
, 


one pistillate which would be expected ass 


ing that there is random disjunction of A 
and that \ ar Starmmimnate Z 


\ \ YX > RAPS > . bvuirwrely 
1X YVY ,V) YY 1XX . > polyploidy DE 

7 Se ; ach indicate that the 
5 staminat 1 pistillate mining becaus ‘ ing | 


needed to rod | staminate ondition 
. ‘ 4 - : even n combination with three dos 0 \ 
tial agreement with the hypothesis that sex lr) 


I} results of these crosses are 


e monoecious character does 1 depend 


] ena tio S } S ol oO d 1 
determination in spinach 1s ¢ ants lled an altered halence between 
ingle gene pair termed X and } The ge ' ' 

I s but appears to be due to 
netic data indicate that the Y gene is definite 
ly male-determining and that as long as a r 
plant contains a Y gene it will be staminate 
even in combination with three X genes 
(22a as shown in Table V It has been 
iat with the presence o occasional 
hermaphroditic flowers, staminate plant 

| | 
(XY) may be selfed and will segregate | 
ae ee 1 YY. YY plants when cro 
th nistil , its (XA oduc I] ‘ : 
with pistillate plants (XX) pr lu e all Literature Cited 
nate progeny »While some of the \ stam 
“pas , AVE! CHARLOTTE J 
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EVIDENCE OF BINUCLEATE EGGS IN THE 
HONEY BEE 


STEPHEN TABER, III* 


URING the course of investigations on 
the honey bee (Apis mellifera L.) where 
mutant (cordovan, a chitin color) and normal 
sperm were present at the same time in the 
spermathecae of 35 mutant queens, over 470 
000 female progeny were examined and sepa- 
rated into classes of either mutant or normal. 
Fourteen irregular or mosaic female individ- 
uals were found having both normal and mu- 
tant tissue mixed in varying degrees. Binucle- 
ate eggs fertilized with two sperm, in this case 
one normal and one mutant, can account for 
these female mosaics 
It is of interest to speculate on the fre- 
quency of occurrence of binucleate eggs, which 
may be much higher than the observed fre 
quency of 0.006 percent assuming a binomial 
distribution of the phenotypes. Phenotypic ex 
pression of dispermy would not be expected 
in at least two different first, of dis- 
permy with two mutant or two normal sperm, 
the extremes of the binomial, and second, 
where mutant and normal sperm fertilized the 
egg but produced no visible change in exterior 
Whiting? estimates the frequency of 


cases 


tissue 
*U. S. Department of Agriculture 


Branch, Baton Rouge, La 


Agricultural Research Service, Entomology 
In cooperation with Louisiana State University 


binucleate eggs at one percent in the parasitic 
wasp Habrobracon. In this study one queen 
produced three mosaic females that were ob 
served from counting 9,500 progeny at .a fre 
quency of 0.06 percent indicating a possible 
inherited tendency for production of binucleate 
eggs. It is likely that some strains of bees 
produce more binucleate eggs than others. 
Evidence at this time for these statements can 
only be drawn by analogy with the reported 
inherited tendency of sex mosaics (Rothen- 
buhler et al?) and parthenogenetic female 
honey bee eggs (Mackensen!), 
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A TRANSLOCATION HETEROZYGOTE 
IN THE GRASSHOPPER 
a 


TRANSLOCATION QUADRIVALENTS 


Figure 4 
Microphotograph showing a ring of four at diplotene; / hows a ring 
metaphase; (-/'—chain of four at metaphase with three chiasmata. In C, 1), and / 
} 


have failed to occur between two of the proximal ends, while the other two proxim. 


joined by rotated chiasma, ( ows a vertical chain where the two free proxim: 
to opposite poles of the spindle D) shows a \ haped chain 


ere the two free pro 
point to the same pole. E shows a right-angled chain where 


one of the free arm 
to the equator. / shows a transverse chain where two of the distal end 


FP. 1100 D, 1250: E, 1350> . 


are Irec 


URING the course of an experi ever, which could be ascribed 
ment on the effects of nitrogen fect of the chemical, was dete 
mustard on the meiotic chromo dividing cells of any of the 


somes of the grasshopper, Gesonula examined at this hour after atime 
punctifrons, an individual heterozygous It was thought worthwhile to stud 


> Ly 1i¢ 
for a reciprocal translocation between course of meiosis of the individual it 
two non-homologous chromosomes was detail since no such study has been made 


aa 


detected. Twelve male specimens were in the relatively few cases® of transloca 
injected with an aqueous solution of the tion heterozygotes reported so far from 


chemical and were scheduled to be sa the natural population 


Oo} grasshopp I 


rificed at various hours after the injec Gesonula punctifrons 


a semi-aquatic 
tion lhe testes from three of them — species of grasshopper, live 
were fixed two hours after treatment culent stems 


I 


on the su 
and leaves of the water 
The individual which was heterozygous hyacinth. It is extensively used as at 
for a translocation happened to be one experimental material in our labora 
of these three. No abnormality, how tory*** for the 

*( 


study of the effects of 
ytogenetics Laboratory, Zoology Department, University of Calcutta. 1J 


he author w U 
k Dr. S. P. Ray-Chaudhuri, University of Calcutta, for hi 
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SPERMATOGONIAL COMPLEMENTS 
Figure 5 

plate of a normal 
punctifrons (1600%). B-—The 
same from a translocation heterozygote. In 
A a pair of long chromosomes (Li and Le) is 
while in # there is only a single long 
chromosome (LL) X Sex chromosome. 
(16000) 


!—-Mitotic metaphase 
vesonula 


seen 


various physical and chemical agents on 
the chromosomes. Periodic 
for the purpose have mainly been made 
from four different localities around 
Calcutta viz., ‘Kashba,’ ‘Tollygunge,’ 
‘Maniktola’ and ‘Bediadanga.’ In none 
of the first three places from where the 
major collections were made, was any 


collections 


chromosome abnormality ever found ex 
cept for the occasional presence of super 
numerary The area in 
‘Bediadanga’ from where the heterozy 
gote was collected has been comparative 
ly poorly studied, and only about 75 
male grasshoppers have been collected 
before this abnormality 


chromosomes, 


and examined 
was detected 
The testes in all cases were fixed in 
aceto alcohol, and aceto-carmine squash 
preparations always gave excellent re 
sults. 
Cytological Details 


Spermatogonial metaphase, The chromosome 
size and morphology of G. punctifrons have 
been described by Manna.! A comparison of 
the spermatogonial metaphase chromosomes 
normal individual (Figure 54) with 
those of the translocation heterozygote (Fig 
ure 58) shows that in the former beside the 
long X-chromosome (X, Figure 54) there 
are two long (Ly and Ly) and 16 medium 
sized chromosomes; while in the latter, the 
largest Figure 58) is un 
paired and there is a corresponding increase 
in the number of medium-sized elements which 
is 17. Two pairs of small chromosomes are, 
however, common in both of them. It can, 
therefore, be assumed that a reciprocal trans 
location has occurred between one of the 


Lal a 


chromosome (L, 


TRANSLOCATION ‘QUADRIVALENT’ 
Figure 6 

Diagram of a multiple structure at meta 
phase, showing an association of four, between 
two normal chromosomes L and M, and two 
translocated chromosomes T; and | Four 
chiasmata are present, forming a ring, the two 
distal ones completely terminal while the two 
proximal ones are rotated 


longest pair of chromosomes with a_ smaller 
member of the medium-size class, thus giving 
rise to two medium-sized chromosomes. This 
will be further substantiated from a study of 
the four elements in the ‘quadrivalent’-lik« 
structure (Figures 4 and 6) which is almost 
invariably formed during meiosis in the heter 
ozygote It is of course not possible to identi 
fy the chromosomes in the 
spe rmatogonial 
erozygote because they are 
general seriation of the medium-sized 
mosomes 

V ciosis Although pachytene 
diplotene stages cannot be read very 
middle and late diplotene 
studied. In all such diplotene cells, instead 
of the 11 bivalents and a X-chromo 
some, as is normally found in the species, an 
‘association of four’ is together with 
nine bivalents and an X-chromosome (Figure 
44), On examining the multiple structure at 
stages, it is evident that 
two translocated chromo 
and Ty, of about equal size and their 
two normal homologues L and M (Figure 6) 
In the figure, the proportionate sizes of the 


reconstructed 
metaphase plates of the het 
merged into the 
chro 


and very early 

P 
clearly, 
stages are easily 
single 
seen, 
iis and subsequent 
tl nd su | 


it is composed of 


somes, 7 


TABLE I. Location of chiasmata in the multivalents 
in the middle and late diplotene nuclei 
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ANAPHASE DISTRIBUTION OF NORMAL AND TRANSLOCATED CHROMOSOMES 


Figure 7 


Shaded chromosomes represent the four chromosomes of the multiple. Chromosome di 
tributions at anaphase are iown, arising from a 2R ring or transverse chain in A, from a 
IR vertical chain in B, from 1R V-shaped chain in C, from OR V-shaped chain in D, from IR 
unequal bivalents in / It is evident from the figure 
cell 50 percent of those arising from 


right-angled chain in /:, and from twe 
that of the four gametes arising from each such anaphase 
anaphase cells of type 4 and B will contain the chromosome combination T;, Ts, or LM a 


will therefore be viable (BOO 


four elements have been drawn on the basis Most of the chiasmata in the multiple stru 


of measurements of several multiple struc ture in the middle and late diplotene tages 
tures. All the four pairs of homologous re appear 
may be paired by proximal or distal) of the chromosomes (1 
these, a large number 


to be localized near the ends (either 


gions of these chromosomes 
a single chiasma in each of them when a large ire 44) Among 
ring is produced (Figure 4.1); or the chiasma completely terminalized (Table I). 
may fail in one pair of homologous arms r¢ 
sulting in a chain of four. Out of a total of TABLE III. The nature of orientation of the centro 
114 multiples pin amined at diplotene, 60 ap meres at the wae ey the different types 


pear as chains, and 54 a ring 


TABLE II. The proportions of the various types of 
multiples obtained at metaphase 


Right 
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At the first meiotic metaphase, the multi- 
ples take on a variety of shapes depending on 
the number and position of chiasmata, and the 
orientation of the centromeres on the spindle. 
They may be termed as rings and chains, of 
which the latter are of four kinds viz., verti 
cal, V-shaped, transverse and right angled 
chains, They are illustrated in Figure 4B-F. 

The frequencies of the different types of 
multiple structures obtained at metaphase, are 
shown in Table II. 

From the data presented in Table II, it will 
be seen that at metaphase the total of the dif 
ferent chain configurations is much larger 
than the ring frequencies; also the transverse 
chain arising from the failure of distal chias- 
mata, is the least frequent type among the 
chain-like figures. The excess of chains in 
metaphase (47.4 percent) as compared to those 
in diplotene (39.6 percent) is certainly due to 
complete terminalization and consequent loss 
of chiasmata at the metaphase stage. Since 
this can occur only in the distal ends of chro 
mosomes, it is likely that only the transverse 
chains at metaphase arise from rings at diplo 
tene. The vertical and V-shaped chains at 
metaphase, on the other hand, can be regarded 
as due to primary failure of chiasmata at the 
proximal ends of chromosomes 

With a view to finding the probable dis 
tribution of the four elements of the multi 
ples to the two poles at anaphase I, the nature 
of orientation of the centromeres at the proxi 
mal chiasmata at metaphase has been deter- 
mined from 89 multiple structures. The data 
is presented in Table III where ‘R’ indicates 
a rotated proximal chiasma in which the two 
centromeres are co-criented and point to 
wards opposite poles of the spindle. 

It can be easily deduced that out of the 
two different types of crientation of the multi 
ples at metaphase IT shown in Table ITT only 
the 2‘R’ rings, 2‘°R’ transverse chains and 1‘R’ 
vertical chains can give rise in each case, to 
50 percent gametes without any deficiency or 
duplication while the gametes produced by the 
rest shall be inviable. 

Anaphase. The different types of anaphase 
I distributions of the four elements of the 
multiple which were actually observed are 
illustrated in Figure 7A-l’. The frequency 
of these types are shown in Table IV. 

From the above frequencies of metaphase | 
and anaphase I we can arrive at a rough esti 
kinds of 


TABLE IV. The frequency of different 


anaphase I figures 


arising fror 


Anaphase I 
* Vertical 


Total No. of 
anaphase I 


”y 


of Heredity 


mate of the proportions of viable and inviable 
gametes that will result from the multiple con- 
figurations. 

As the number of anaphase I cells in the 
preparations is low, deductions will be made 
mainly from the metaphase frequencies. 

We know that 50 percent of the gametes 
produced by the 2R rings and transverse 
chains and 50 percent of the gametes of IR 
vertical chains will be viable and the gametes 
arising from all other types of configurations 
are inviable. Therefore, 124 out of 356 gam- 
etes arising from a total of 89 metaphase cells 
examined will be viable. Thus 34.8 percent 
of the total gametes produced, will, on fertiliz- 
ing normal eggs, give rise to viable individuals, 
half of which will be heterozygous for the 
above translocation 

Deductions from the frequencies of the few 
anaphase I cells also corroborate these conclu 
sions. Here it is seen that of the 116 gametes 
arising from the 29 anaphase I cells exam- 
ined, only 38 will be viable. Thus only 32.7 
percent of the gametes produced will be viable 
and produce viable individuals on fertilization 
with normal eggs. 


Summary 


A translocation heterozygote belonging to 
a wild population of G. punctifrons is record 
ed, and a detailed examination is made of the 
various types of multiple figures at metaphase 
I and anaphase I of meiosis. From a quanti- 
tative study of the orientation of the centro- 
meres in the metaphase I multiples, and the 
distribution of the normal and translocated 
chromosomes at anaphase I, a rough estimate 
is made of the frequency of viable gametes, 
to be produced by the heterozygous individual 
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DETECTION OF CARRIERS OF 
RECESSIVE GENES 


Ropert C. Coox* 


that the human 
organism reached its present 
state of qualified perfection by the 
same processes of evolution which have 
created all of the varied creatures which 
inhabit the planet earth. The emergence 


‘| is to be assumed 


1 
Nas 


q 1 
of the 


new light on Darwinian and post-Dar- 


science of genetics has thrown a 


winian speculations about biological vari- 
ability and the 
To say that we have today a complete 
evolution 


” 


ie fittest 


1 
} 


“survival of tl 


picture of how the process 
works would certainly be an exaggera 
tion. Yet the general outlines of the 
process begin to emerge. 

The genetical theory of evolution en- 
the process as based fundamen- 


(1) New 


are constantly being created at a 


1 
} 
! 


VISIONS 
tally on five biological vectors 
alleles 


slow rate by mutation. The great ma 
jority of these mutations not only fail 
to contribute to the fitness of the organ- 
ism in the heterozygote; many of them 
when homozygous are grossly debilitat 
ing or actually lethal in existing environ 
ments, and perhaps in most environ 
ments. (2) There is a constant selective 
sifting of less adapted and less viable 
genotypes by reason of their failure to 
reproduce (negative selection) and by a 
constant enhancement of adapted geno 
types by reason of their improved 
chances of survival to reproduction. The 
principal selective “sieve” of the evolu 
tionary process appears to be differential 
mortality. “Survival of the fittest” 
means in terms of evolution mechanics 
mainly one thing: Survival to repro 
duce viable offspring. (3) Success in 
the struggle for survival is constantly 
being altered by changes in the environ 
ment. (4) The phenomenon of genetic 
drift may purely by chance alter the 
genotypic constitution of isolated or par 

*Editor, The 
presented before 
September 10, 1954 


lournal of Heredity and Director, Population Reference 
the United Nations World Population Conference, 


tially isolated populations so t 


1 
} { 
I 


lat ove! 


generations populations having a com 
mon origin will have significantly dif 
ferent gene-patterns and different evolu 
tionary histories. (5) Migration and the 


formation of genotypically novel and di 


tinct populations by cross breeding may 


also have profound evolutionary signifi 
cance 
The 


morbid 


present concentration ot lethal 


and mutations in the human 
“gene pool” of the 
The rather 
opinion emphasize that most varied and 


drive 5 


various nations 1s not 


known. wide disparities in 


most impelling — emotional and 
blockages make it very difficult to assess 


what is known 


and to separate proven 
] 


fact from what is believed, hope d,or su 
For that reason there need in 
a meeting of kind of 

define the parameters of what 
[ inferred, 


mised, 
attempt to 


| now, 


this 


of what is reasonably and of 


what is to be classed in Dr. I. Rk. De mp 
ster’s vivid phrase as ‘“non-disprovable 
Opmions 4. 

There appears to be no doubt that 
considerable “backlog” 


Seml-recessive 


of morbid rece 
ive and heredit 
in the current 
man population. In 
situation can hardly be cla 


“gene pool” of the 
spite of thi 
existing 
as intolerable, painful though it be for 
individuals and families enmeshed in the 
tragedy of genetic defect. In the United 
States, with fairly complete vital statis- 
tics, the proportion of births showing 
outright physical and mental defect re 
mains a matter of conjecture. Congeni 
tal physical and mental hereditary de 
fects might amount to two or three mil 
lion per generation. Even though this 
estimate may be high by a million, or 
low by a couple of million, percentage 
the current through morbid 


wise loss 


sureau, In 


Paper 
Italy, Aug j 


ust 31 


Rome 
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does 
bur- 
den, and perhaps a much larger intangi- 
ble burden of suffering and_ tragedy. 
The important points are—is the per 
centage likely to increase, and if so, how 
rapidly? What environmental forces 
may bring about an More 
hopefully, is it possible that the sciences 
of human biology and medicine will find 
means over the generations to reduce 
the load of hereditary defect ? 

The present concentration of morbid 
recessive mutations in the human germ 
plasm represents at least a rough bal 
many generations, 
morbid 
mutation and selective elimination in the 


heredity is not overwhelming. It 


represent a considerable economic 


increase ¢ 


ance, achieved over 
between accretion of genes by 
heterozygote and in the homozygote of 
who carry these morbid genes. 
The build-up of morbid heredity will 
depend on the extent to which chang 
ing selective pressures contribute to the 
survival of carriers of and 
semi-recessive morbid genes. Mutation 
rates are slow enough so that, barring 


those 


recessive 


a speed-up of mutation by massive it 
radiation of populations, the increase in 
frequency of morbid mutations in the 
absence of any selection would be slow." 
Hence shifts in 
sulting from 

conditions, 


selection pressures, re 


changing environmental 
the 
of the rate of change 

Only a beginning has been made in 
estimating the mutation 
human gene loci, 
no more than the order of magnitude 
of the mutation rate, 
tations per 100,000 gametes are given by 
Dr. J. B. S. Haldane® for a few domi 
nant and sex-linked recessive mutations 
follows: Pelger anomaly 8; Chon 
drodystrophy, 4; Hemophilia, 3; Reti 
1.4. These may be 
taken aS maximum rates, for the reason 
that mutations at more than one locus 
may produce similar phenotypes. If mu 
tations occurring at two or more 
produce identical effects, they are pooled 
in these observations. The actual rate of 
mutation per locus would thereby be 
reduced by half or more. 

Various estimates have been made as 


are main determinants 


rates for most 
These estimates give 


Rates of new mu 


as 


noblastoma rates 


loci 


of Heredity 


to the size of the existing ‘backlog’ of 
hidden genetic defect in existing hu- 
man populations. Dr. H. J. Muller esti- 
mates® that the total mutation rate for 
all the five thousand or more loci 
sumed to exist in the human chromo- 
some-complex is such that there is on an 
average of about one new mutation in 
10 or fewer gametes. He believes that 
currently the hidden recessive and semi 
dominant “load of mutations” carried by 
the human species averages at 
eight genes per person and probably sev 
eral times this. Ignoring synergism, 
Muller estimates that a mor- 
tality prior to reproduction of 20 per 
cent of births would be necessary to re 
tain an overall equilibrium between mu 
tation and elimination. With 
a marked synergistic effect (whereby 
multiple heterozygotes suffer an exag 
gerated decline in viability), a balance 
might be maintained with a consider 
ably mortality. Muller 
considers these estimates to be probably 
much too low, as do some others. Other 
geneticists consider them too high. 

If the major selective force in the evo 
lutionary process is indeed the test of 
survival to reproduction, then it seems 
inevitable that the large shifts in sur 
vival patterns in human populations dur- 
ing the past century must have 
foundly affected the forces determining 
the structure of the “gene-pool” of the 


as- 


least 


selective 


selective 


less selective 


pro 


species. 

Countries which have not yet profited 
by modern sanitation, medicine, and pub- 
lic health give us some idea of the extent 
of pre-reproductive mortality in human 
societies prior to the revolution intro- 
duced by Jenner, Pasteur et al. In such 
countries as China and India the true 
birth rate appears to be between 45 to 
50 per thousand per year. A quarter of 
all babies fail to reach an age of one 
vear. Often more than 50 percent of 
children born fail to reach the reproduc- 
tive decades. In the United States to- 
day, over 95 percent of babies born 
reach age 25; over 90 percent reach age 
40. 

Obviously if death 


“sieve” to 


selection is the 


effective eliminate morbid 





fe 


= 


ee" 


ee ee 
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heredity, these two situations must con 
stitute very different ‘selection sieves.” 
Many early deaths under primitive high 
mortality are due to epidemics and to 
endemic contagious and infectious dis 
eases, The claim is frequently made 
that such deaths cannot possibly be se 
lective. Because most genes have varied 
pleiotropic actions, who can say with 
any confidence that this is so? Here we 
encounter an impressive “white-spot”’ in 
knowledge, where facts are few, and 
where “non-disprovable opinions” bol 
ster faith but not understanding 

\ recent discovery affords a striking 
illustration of how a particular selective 
force has operated to build up the con 
centration of one gene locus, and a 
‘semi-lethal” locus at that. Sickle-cell 


anemia occurs principally in Negro pop 


ulations in tropical Africa. The disease 
1 41 
! Lhe 


is caused by a gene which, in 
ozygous state, produces a definite but 
relatively benign anemia. The homozy 
gotes are afflicted with a very severe 
anemia, retarding physical elopment, 
greatly decreasing life-expectaney and 
virtually preventing reproduction. The 
sickle-cell gene is virtually a lethal in 
the homozygote for those afflicted with 
the disease 

In spite of the heavy selection pres 
sure against the sickle-cell homozygote, 
an astonishingly high frequen¢ v of het 
erozygotes has been reported from many 
parts of tropical Africa. In West Africa 
a pere ntage of si kling individuals (het 
erozygotes) has been reported as high 
as 28.3 in Dakar to 18.7 in Nigeria.? In 
southwest and central Africa the fre 
quency in Bantu tribes ranged from two 
percent to 45 percent. It would appear 
that with this heavy pressure against the 


1 


‘ 
i¢ 


homozygous sickling individuals, 
frequency of the gene would be stabi 
lized at much less than one percent. Yet 
with heterozygous individuals nearly 
equal in number to normals, frequency 
of the sickling gene as high as 30 per 
cent to 40 percent would be indicated 
The explanation for this paradox has 
heen provided by a remarkable discov 
ery recently reported by Dr. A. C. Alli 
son, a British pathologist 1 Allison 


a “hyper-endemic” 
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found that in certain African villages in 
malarial zone only 
percent of the inaividuals with sick 


ling anemia (heterozygotes) had ma 


laria in contrast with 46 percent 
wse with normal erythrocytes 
sicklers appeared to have milder 
larial symptoms than the non-sicl 
They seemed to have considerable re 
sistance to infection. Allison inoculated 
30 malaria-free adult males with ma 
larial parasites 15 sicklers and 15 nor 
Sl¢ klers \mong the non sickle rs 14 cle 
veloped clinical malaria; but only two of 
the sicklers became infected, and their 
parasite counts were comparall ely low 
Che sickling gene 1n t] heterozygote 
appears to have a pleiotropi effect in 
imical to the malaria parasite 


\llison noted an inverse relationship 
between malarial infection and the sicl 
ling trait, with high frequencies among 
tribes living in regions where malaria 1 
hyper-endemic and low frequencies in 
malaria-free or epidemic zones Sickling 


incidences were independent of ethni 
or lar Yuage grouping 
\\ +} the virt ] ly natior . ar 
th ne virtual elimination of ihe 
homozygous sicklers from reproduction 


and with a lower reproduction on_ the 


1] 
I 


part ot the non lers with a 


malarial rate, and a more severe form 
of the disea i ears that a consid 
1 . . ‘ 
erable part of reproduction area 
where 40 percen thie population show 
Sik kling Syvinptoms must be by the hete1 
zygotes. One might even envision a 
“hyper-hyper-endemic” malaria zone in 


} 


which all of the homozygous non ick 


lers would die of malaria, all of the 
homozygou S14 klet ol anemia, with rm 


production virtually limited to the het 
erozygot 
This recal ituatior 

geneticist 
Ovcenothera i O; 
uch situati reason of linkage 
culiar chromosome arrangement 
iomozygous forms are lethal. The 
that by the sacrifice of 50 percent of tl 
ceptions an exclusively heterozygous popula 
tion remains to exploit an environmental situa 
tion to which s peculiarly adapted. Space 
forbids diset of the questions of heteré 
and homeost: V h this situation suggest 


Since t 
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in African populations is directly related to 
the distribution of the malaria parasite, and is 
independent of ethnic or language grouping, 
it seems most probable that an anti-malarial 
campaign in the hyper-endemic regions of 
equatorial Africa would produce a dramatic 
reduction in the frequency of the sickling gene. 
The advantage accruing to the sickling heter- 
ozygote would suddenly vanish, for the nor- 
mal homozygotes would suddenly become as 
viable and as fertile as they. The loss of a 
quarter of the progeny of matings between 
heterozygotes would result in a very rapid 
decline in the frequency of the sickling gene 

not in a hundred generations, but in one or 
two 

This represents an extreme, over-simplified 
example of selective action. But it does illus 
trate the point that very little is actually 
known about the overall effects of drastic 
changes in patterns of survival, which must 
be appraised in terms of the total gene-consti 
tution of the species. Yet this overall 
tion pressure is a central element of the evo- 
lutionary process, not only as the basis for 
further advances, but to permit an organism 
to maintain an existing level of fitness. Dr, 
George Beadle has cogently summarized the 
intricate nature of the process in these words: 
“The process of evolution is never unidirec- 
tional. Rather it is made up of a complex se 
ries of forward thrusts and retreat, as ever 
shifting gene combinations are tested in vari 
ous environments, Positive evolution—the ac 
quisition of new abilities by living systems—is 
probably never completely separated in time 
from retrogressive changes function. 
But under certain circumstances organisms 
find themselves under conditions where the 
dominant trend is toward simplification. The 
habit of parasitism is that is known to 
favor such a trend 

“The genetic this specialization 
through simplification rests squarely on 
the phenomena of gene mutation and natural 
selection. It is implicit in the theory of or- 
ganic evolution through genetic change, that 
all genes are mutable. (In the relatively few 
instances in which quantitative studies have 
been made, the experimental evidence suggests 
that those mutations that change a gene in 
such a way that it does its work less effec 
tively are more frequent than the reverse 
change.) And when it is taken into account 
that all mutational changes leading to inability 
of a gene to reproduce will automatically lead 
to irreversible the gene, it becomes 
evident that any gene whose activity does not 
give a selective advantage to the individuals 
that possess it will in time disappear. ... 

“How far can parasitic specialization through 
progressive simplification go? Apparently to 
that stage represented by the simplest existing 
viruses—or, in the words of Burnet, until 
‘there are neither organs nor enzymes, nothing 
but a shadowy, self-replicating residium of 


selec 


loss of 


one 


basis of 


loss of 


of Heredity 


genetic mechanism.’ ’’2 

The nature of the mutation and reproductive 
process being what it is, biologists quite gen- 
erally would accept Beadle’s view the 
long pull. The question is: How much have 
changing patterns of mortality and reproduc- 
tion in human populations altered selection 
pressure in favor of—or against—genes con- 
ditioning fitness in a broad sense? 

With respect to this most important ques- 
tion many, and most varied, “non-disprovable 
opinions” are ardently defended. At one end 
of this broad spectrum of opinion is the dictum 
that “Medicine is the science of management 
of human phenotype,”!! that since a “deleteri 
ous gene” (say that conditioning diabetes) 
can be made “fit” with the hypodermic syringe, 
the problem is eliminated “so far as that geno- 
type is concerned.” From this position it is 
but a step to argue that this is a “long-range 
problem which we are not equipped to solve, 
and which may never arise.” 

Other geneticists of equal competence ques 
tion these “non-disprovable opinions” and ex- 
press some very different ones. Dempster 
makes this comment: “A related argument 
that appears in the printed writings of ge 
neticists goes something like this: selection in 
a multi-genetic situation cannot possibly make 
appreciable headway except over a period of 
hundreds of generations. I know of no evi 
dence from experiments with domestic or lab 
oratory animals that offers support for such 
a contention,””4 

Muller questions whether “manipulating the 
phenotype” to normalize mutation-induced de 
viates will be a long-term benefit: “If the at 
tempt were made to continue indefinitely to 
substitute a more remote equilibrium by ameli 
orative practices, it would mean an ever great 
er heaping up of mutant genes. There would 
be no limit to this short of the complete loss 
of all the genes or their degradation into ut 
terly unrecognizable forms, differing chaotical 
ly from one individual of the population to 
another. Our descendant’s natural biological 
organization would in fact have disintegrated 
and have been replaced by complete disorder 
Their only connections with mankind would 
then be the historical one that we ourselves 
had after all been their ancestors and 
sors, and the fact that their one-human 
terial was still used for the purpose of con 
verting it, artificially, into some semblance of 
man. However, it would in the end be far 
easier and more sensible to manufacture a 
complete man de novo, out of appropriately 
chosen raw materials, than to try to refashion 
into human form those pitiful relics which 
remained,’’6 

This, Muller says, is a reductio ad absurdum 
If each new “manipulation of the environment 
to normalize the phenotype” is even a very 
short step in this direction, how long can 
Muller’s warning be ignored as irrelevant? 
The essential questidn is: How many genera 
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lem of assaying the frequency of mutant genes 


hinges ultimately on the ability to identity indi- 
vidual genes, and/or constellations of genes, by 
some recognizable phenotypic effect in hetero 
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analysts is an example. Tissue culture methods 
are only beginning to be explored. Little work 
has been done on the developmental basis for 
the giant salivary gland chromosomes found in 
some fly larvae. Possibly human chromosomes 
could be cultured in vitro to produce gigantic 
super-chromosomes large enough for micro 
analysis 
One 
biological 
veal the 


sort of human 
which would re 
of our race in a 
manner wholly impractical by contemporary 
methods, This will take time. Only when 
adequate facts are available to form a base 
line for measuring shifts in population geno 
types will knowledge supplant the “non-proy- 
able assumptions” which confuse the issue to 
day. 

In closing, it may be noted that elimination 
of mutations can be achieved by birth selection 
as well as by death selection, and much more 
efficiently. Muller has pointed out that while 
20 percent of selective deaths is required to 
dress the balance, the same effect can be ob 
tained by “birth selection” with the withdrawal 
from reproduction of less than five percent of 
the population carrying the highest concentra 
tion of mutant genes. 

When identification of 
ric rs becomes possible, a 
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genetic structure 
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such multiple car 
birth selection” pro 
gram need not necessarily imply compulsion 
An individual fated by genetic mischance to 
transmit to his progeny mutant genes con- 
stituting a real danger to his descendants, has 
every right to enjoy a good life and as long a 
The “right” to perpetuate 
serious genetic defects is even now often vol- 
untarily abandoned, the facts are 
quately and sympathetically explained 

Is not the humane and enlightened manipu 
lation of the human genotype a necessary com 
plement to the ever more successful manipula 


life as possible 


once ade 


of I leredity 


tion of the environment? And is not this the 


ultimate goal of genetics? 
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sidering the number and variety of ex- 
reported and the increasing 
use of PTC in anthropology, this test 
is in need of the same careful scrutiny 
which other, more traditional anthropo 
logical determinations have undergone. 
Just how reliable is the trait as a race 
characteristic? What influence 
the results obtained? the 
tasting of PT¢ other 
taste reactions ? 
tions, the basi 
this trait will be examined in the context 
of pertinent physiological information. 


ceptions 


lactors 
How 
compare with 
To answer these 


does 


ques - 


assumptions regarding 


Is a Person Either a ‘Taster 
or a Non-taster? 


Certainly the terms “taster” and ‘non 
taster” (or “tasteblind’) imply a more 
or less distinct, qualitative difference be 
tween individuals; and most persons 
who have been tested with PT« 
had little difficulty in deciding whether 
or not they tasted the sample offered. 
But what happens when the same indi 
viduals are tested with samples of dif 
ferent strengths? If tasting PTC is in 
deed an “all or none” trait, the amount 
of PTC used should make little differ- 
ence. If, on the other hand, sensitivity 
to PTC is a quantitative trait, being a 
“taster” is as much dependent upon the 
quantity of PTC used upon 
genotype. Blakeslee*:® found that 
subjects’ thresholds of sensitivity formed 
a continuous bimodal ranging 
from one part PTC in 312 parts water 
to one part PTC in 2,500,000 parts wa 
ter. Selecting 1:5000, the antimode of 
the distribution, as the critical concen 
tration, Blakeslee considered those able 
to taste weaker solutions “‘tasters,”’ and 
those responding only to stronger solu- 
tions “non-tasters.” Had he chosen the 
concentration 1:312, all of his subjects 
“tasters,” regardless 


have 


one’s 


his 


a5 


series, 


would have been 
of genotype. 

In the same way, a population may 
he divided into tasters and non-tasters 
for such commonplace substances as salt, 
sugar, aspirin and quinine. PTC is by 
no means the only substance for which 
range of sensitivity has been 

Mavyer-Gross and Walker*@ 


a wide 


found. 


of Heredity 


found a wide range of thresholds for 
sucrose. Blakeslee? found the narrowest 
ranges of response for picric acid, KC] 
and saccharine, and the widest for qui- 
nine, PTC and vanillin. Harris and 
Kalmus*! found analogous ranges for 
substances resembling PT¢ 


Is the Expression of the Genes Constant? 

The existence of a continuous distribution 
of thresholds for PTC in itself suggests that, 
since sensitivity in the population is a matter 
of degree, it may also be a matter of degree 
within the individual, Blakeslee#* found that 
in most cases his subject were rela 
tively narrow, varying around a modal thresh 
old. Yet occasionally thresholds taken only 
15 minutes apart differed considerably (lig 
ure &). The most variable of his subjects 
needed at one point a solution 25 times as 
trong as the used for a test earlier the 
same morning. Considerably larger individ 
ual ranges were found over a period of sev 
eral days (Figure 9). Here 


ranges 


one 


the most 
ble subject tested, a woman, on 
PTC in a dilution of | 
could not taste 
than 1:10,000—-a_ solution 
Had Blakeslee tested all of 
single concentration, e.g 
1: 5000, those whose thresholds were consist 
ently lower than this would have been re 
corded at each test as a taster; while thos« 

thresholds were higher would have 
recorded as non-tasters A few, whose 
around this concentration, 
would have been recorded as tasters at some 
times and non-tasters at others. Blakeslee 
could offer no explanation for this intraper 
sonal variation other than to attribute it to 
some unknown variable in his subjects’ inter 
nal environment. 

Smoking!8 is known to alter PTC thresh 
olds, and it is possible that other temporary 
physiological states may produce effect 
Since tasting is a reaction determined by a 
number of physiological variables, a change 
in body chemistry may alter any or all of the 
components involved and therefore the total 
reaction. To taste PTC the proper saliva or 
its chemical equivalent must be the solvent,! 
and the dissolved must be able to 
pass through the pores on the surface of the 
tongue to reach the nerve endings of the taste 
buds,15 

Evidence relating to the phyisological sub 
strate in the tasting of other substances comes 
from a wide variety of fields. Mayer-Gross 
and Walker2® demonstrated changes in thresh 
olds for sugar and salt correlated with blood 
sugar. Goetzl et al.16 found that their sub- 
jects’ thresholds for sucrose were lower he 
fore lunch and at the end of the day, times 
when blood sugar is low; but higher immedi- 
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INDIVIDUAL VARIATIONS IN THE THRESHOLDS FOR PTC 
Figure 9 


Illustrated graphically are variations in 
(Graph redrawn from Salmon and Blakeslee**, ) 


with menstruation and pregnancy 
expected to play a role. Here 
scanty. Although Goetzl 
of the women tested 
showed somewhat lower thresholds to sucrose 
around the time of menstruation, Blakeslee 
(personal communication) stated that he found 
for a similar change in sensitivity 
[wo subjects tested by the author, 
several years, the other for three 
both consistently unable to taste the 
strongest PTC paper offered, upon becoming 
pregnant for the first time, experienced a 
marked increase in sensitivity to PTC—cor 
related with a general increase in’ sensory 
acuity. One of these women, nearly a year 
after parturition, is still a “taster,” becoming 
a “non-taster” a day or before her men 
strual periods. Six other women tested by the 
author showed decreases in sensitivity during 
menstrual periods, several commenting that 
“nothing tasted right”; six showed no change; 
two a slight increase in sensitiv 
This sample is too small to allow sweep 
ing conclusions; but it indicates that the en 
docrine factor is worthy more careful in 
vestigation, particularly in view of the excess 
of women among the tasters 
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Does Technique Matter? 

In testing subjects, it is customary to gauge 
the subject’s response to PTC by his response 
to other substances, often quinine and water 
Such precautions are in order with groups 
where linguistic difficulties may cause misun- 


individuals’ 


PTC thresholds during four weeks. 


derstanding and erroneous records, or where 
some cultural factor—e.g. dislike of offending 
the stranger by complaining of the bad taste 
of his “medicine’—may lead the subjects to 
deliberate falsehoods. The meticulous care in 
administering tests so as to elicit accurate an 
swers from subjects, the calculation of gene 
frequencies and their standard deviations, and 
the elaborate statistical comparisons of sam 
ples—all of these stand in sharp contrast to 
the casual handling of the actual object of the 
test—the determination of the subjects’ abil 
ity to taste PTC. Although the work of 
Blakeslee and others clearly demonstrates the 
continuous bimodal distribution of thresholds 
of sensitivity to PTC, the data on record re 
veal an almost universal disregard for the im 
plications of this fact, namely, that the tech 
nique of testing will affect the results ob 
tained. A survey of recent studies indicates 
that the majority of techniques fall into three 
classes: Those using naper soaked in a solu 
tion of PT¢ where the taste 
water solutions of PTC: and those using small 
quantities of dry crystals is diffi 
cult to control the amount of crystals offered 
solutions of known strength or prepared pa 
pers are more commonly used 

Test papers are most frequently prepared 
from saturated solutions of PTC in alcohol, 
water acetone, although other concentra 
tions are occasionally used. Fox found* that 
PTC had a solubility in water of .26 nercent 
at 18°C and 5.93 percent at 100°C; in 95 per- 
alcohol percent at 16°C and 68 
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ing line, one can change the apparent distribu- 
tion of the trait in a population, and therefore 
the gene frequencies derived from the figures. 
When Harris and Kalmus*” subdivided a ra- 
cially homogeneous population of 441 males 
into age groups 10 to 1Y, 20 to 49 and over 50 
years of age, they found differ 
ences in the threshold distributions of the series. 
All three series showed the typical bimodal dis 
tributions, with the areas under the respective 
segments of the curves much the same for 
each subdivision; but the peaks and valleys of 
the distributions came at different 
tions. kor the youngest group, the antimode 
came at a solution of 40. mgm. PTC per liter 
of water,* for the middle group at 8) mgm/1; 
and for the oldest group at about 200 mgm/I. 
Using the appropriate dividing line for each 
group, they arrived at about the same per- 
centage of tasters and non-tasters for each 
group (see Table 1). Had they used the same 
dividing line for all of the groups (or a single 
concentration, which amounts to the same 
thing) ignoring the pattern of distribution, 
the results would have been quite different 
For example, using the antimodal value for 
the youngest group as dividing line in the 
three groups, they would have found 30 per 
cent non-tasters in the youngest group, 37 
percent in the middle group and 44% percent 
in the oldest, or gene frequencies of ¢ 4, 
t 61 and ¢ 67, respectively. The chi 
square test indicates that the difference in th 
groups is probably significant, and the prob 
ability is strengthened by the appearance of 
an age trend. However, unless PTC-tasting 
is linked with differential mortality (the au 
thors did not think this probable) or large 
scale intermixture continuing over the last 60 
years ‘there is no historical record of this), it 
is unlikely that three subgroups of a presum 
ably homogeneous population, differing only 
in age, are of different genetic composition 


considerable 


conceilitra 


Such explanations cannot account for sex 
differences, Comparing 100 women and 114 
men im the range 20 to 39, the dis 
tributions were again bimodal, with the anti 
mode for men at the concentration 40 mgm/] 
and for the women at 20 mgm/1l. Dividing 
each group at its antimode, we find 35 percent 
of the men and 32 percent of the women non 
tasters; using the antimode for women for 
both groups, the percentage of non-tasters 
among men increases to 38% percent, with 
resulting gene frequencies of ¢ 566 for the 
women and ft 62 for the men, This differ- 
ence is not statistically significant. Neverthe 
less, when one may obtain “gene frequencies” 
ranging from .54 to .67 for the same popula 
tion simply by varying the age and sex com 


age 


of Heredity 


position of the sample, the need for caution in 
sampling should be obvious. 

More serious errors are possible when dis- 
tributions of thresholds are ignored in race 
comparisons. Taking, for example, the series 
of Chinese, Africans, and English reported by 
Barnicot,3 we again find the typical bimodal 
distribution, with the antimodes near 40 mgm/] 
for the English, near 200 mgm/1 for the Chi- 
nese and near 300 mgm/1 for the African Ne 
groes. Selecting 20 mgm/1 as our dividing 
line (which would be appropriate for a group 
of English women), we find that 44 percent 
of the English are non-tasters, as compared 
to 16% percent of the Chinese and 17% per- 
cent of the African Negroes. Seemingly, the 
gene frequencies for the Chinese and Africans 
are similar. However, dividing each group 
at its antimode, the Africans show 2% per 
cent non-tasters and the Chinese 10% percent 

gene frequencies ot f 16 and ¢ 32 
respectively. 

From the data summarized, it would seem 
that populations do differ in their ability to 
taste PTC, Part of the difference is undoubt 
edly due to gene frequency. This difference 
affects the shape of the curve obtained anc 
the relative areas under the two segments 
Some other factor determines the location of 
the curve on the scale, shifting the whole dis 
tribution, as it were, toward higher or lower 
sensitivity. Only by determining the distri 
bution of thresholds in a given population i 
it possible to separate the genetic tasters 
(genotypes 77, Tt) from the genetic 
tasters (tt) and to calculate gene frequencies 
When one uses an arbitrarily selected thresh 
old to divide a population, one is likely to cut 
off the end of one of the curves and include 
it with the other. The result is that one knows 
only the number of people who tasted the 
concentration of PTC offered; 


non 


there is no 
assurance that this information has any bear 
the distribution of genotypes the 


ing on 


group. 


A New Philosophy of Tasting 
and the distribution of 
the assumption that a 
high sensitivity to PTC is inherited as a 
Mendelian dominant: If the heterozygotes 
were intermediate in response, the resulting 
curve would be unimodal or have a central 
plateau, rather than two well defined modes 
What, then, is the explanation for the varia 
tion around the modes, and of the shift in 
modes seen in different populations? One 
could assume that the genes for high or low 
sensitivity to PTC differ in different groups 
genes 7; and Ts, somewhat analogous to 


Pedigree studies* 
thresholds bear out 


*Since precise comparability of the results of Blakeslee and other authors is not necessary 
to the argument, statements of the concentration of the solutions have been given in the authors’ 
terms without any attempt at converting them into a uniform notation. It should be noted that 


Harris and Kalmus?® and 
are therefore comparable 


tarnicot® used the same techniques and materials, and their data 
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necessary, since individual variations may tend 
to cancel out. Above all, an adequate descrip 
tion of the technique used should be included 
in published reports if future students are to 
have any hope of using the data. 

Finally, it should be kept in mind that the 
biological role of the 7,¢ genes probably has 
no direct connection with the ability to taste 
PTC, tasters and non-tasters occur in 
several mammalian groups. Rather, it is more 
likely that sensitivity to PTC is only one of 
the effects of an enzyme or other substance 
whose synthesis is controlled by the genes 
identified in this way. There can be no doubt 
that the statistical problem of estimating gene 
frequencies for population comparisons in an 
when properly done, is important 
Mountains of computations on the incidence 
condition, however, are of little value 
unless they are put to work to supply clues as 
to its In the case of PTC, differences 
in gene frequencies in populations are un 
doubtedly one of the causes; and there may 
indeed be modifying gene systems. At pres 
ent, however, explanations in terms of new 
genes will only lead to a psychological dead 
The biologically important question now 
Here care 
exam 


since 


thropology, 
ol a 


cause 


end 
is: How does the reaction work? 
fully collected threshold information, 
ined in the context of the total 
the subjects studied, may provide 
clues. Correlations with age, sex and race 
have already been demonstrated. Do other 
correlations exist? When the nature of this 
discovered, and its role in mam 
malian physiology evaluated, PTC thresholds 
may indeed turn out to be a convenient index 
of internal conditions, and to 
considerable both clinically and 


biology ol 
important 


reaction is 


phy siologic al 
he of value 


anthropologi« ally 
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turn towards their original position on relaxa- 
tion, which leads to the title of the book. 

(2) The existence in populations of con- 
siderable genetic variability in metric char- 
acters 

(3) In breeding degeneration and its con 
verse, hybrid vigor. 

(4) The existence of individual loci at which 
heterozygotes are more fit than either homo 
zygote. 

(5) The existence in wild populations of 
rare aberrant phenotypes often enhanced by in- 
breeding and difficult to analyze genetically. 

(6) The greater variation in inbred lines 
than in crosses between them. Four years ago, 
few workers had realized how common this 
was and Lerner assembles a valuable collec- 
tion of data on this point, much of it unrealized 
by the original authors. 

(7) The ‘superiority in fitness often found 
metric 
This 
round the 


intermediates. 
material is brilliantly 
pahtedh teen Cink ial ee Gottenin 
of value of a hypothesis is the number of ex 
periments it suggests and, by that standard, 
we must rate this book very highly. Indeed, 
as a first step one might suggest that we need 
more evidence on the very “homeostatis” itself 
the tendency of a population to return to its 
original position after a shift by selection 
Only two pieces of evidence are presented 
not because more exist but because few work 
ers have realized how informative it is to relax 
selection after a few generations (say, five) of 
eiection with little inbreeding. In this labora 
tory in Edinburgh, this has been done in sev 
l experiments and, though the 


lor 


diverse woven 


eral selection 
mean of the character selected returns perhaps 
a fifth of the way back to the original mean in 
the first few generations of relaxation, it often 
seems to settle down quite contentedly several 
deviations from its original position. 

On another relevant point, there is no pre 
cise information at all in the literature. On a 
very naive theory, the genetic variance of a 
character in a given population is determined 
by the interaction of mutation, selection and 
effective population size in the immediately 
preceding generations (preceding meaning up 
to a thousand if need be), In the presence of 
selection for heterozygotes, the other two fac 
tors may be of little importance. But it is 
not correct to infer selection for heterozygotes 
merely on the evidence of the magnitude of the 
genetic variation. 7 here is in fact no precise 
information on the rate of production of new 
variation by spontaneous mutation for any 
quantitative character and the general problem 


of Heredity 


cannot be adequately discussed without this 
information. 

The final impression left upon the reviewer, 
after the book has provoked many stimulating 
discussions amongst his colleagues, is of hay 
ing been left seeing through a glass darkly 
that the jigsaw does not quite fit together as 
neatly as one would wish. There are two rea 
for thi the The 
first is that Dr. Lerner has perhaps tried to 
fit too much in, some of which does not really 
belong. His basic dichotomy into metri 
characters on the one hand and of fitness on 
the other is too great a simplification. Some of 
the metric characters that we deal 
as egg production in the fowl or in Droso- 
phila have a I 
to reproductive fitness and it is to 
that they will have a different type 
control than characters such as 
the fowl or counts of 


Drosophila. 


sons be sides obvious one 


with, such 


direct and obvious relationship 
be expected 
or genet 
egg color in 
abdominal bristles in 
The second confusion is perhap 
semantic. In the integration of two different 
disciplines, it is to be expected that some of 
the basi 
They 
to be 
ample oft the 
meaning of 
pared to classical genetics. It is natural to see 
only the the other side | 
it seems to the reviewer that there are 
terms in evolutionary theory which 
taken without clarification 
also many “loaded” words bearing the burden 
of unprovable assumptions, and words that 
have gradually assumed usages different from 
their original meaning. The phrase “balanced 
phenotype” is a good example. “Balanced’ 
all too frequently involves a pious hope or 
tautology rather than a precise hypothesis an 
“phenotype” has mean “the appear 
ance of the adult animal” though much natu 
ral selection acts in the earliest 
animal’s life. Indeed the phrase 
lection acts. ” is another sinner 
fact means is “we observe differential 
We 

The detailed presentation of these problems 
in Dr. Lerner’s book should greatly help to 
clarify the situation. The many hours of dis 
cussion that the has provoked in thi 
laboratory are a testimony to its stimulating 
nature. 
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FERTILITY OF TREATED AND UNTREATED FEMALES 
. Figure 11 
Fertility of treated females compared to the corresponding untreated controls based on 
egg-hatch values from Experiment I]. The ratios of the treated to the non-treated groups are 


graphed against the vertical scale 


the dotted lines show these values for young females 


The solid lines graph the ratio values for old females and 


The open circles represent 2,500 r treated 


females and the solid triangles represent 5,000 r treated ones. 


tion period, the corresponding record 
was omitted from the analysis. Immedi- 
ately following treatment each female 
was placed in a 50 cc vial with two ma- 
ture males, Food was introduced on 
lightweight cardboard parallelogram 
strips. For 20 days the eggs were col- 
lected, counted, and cultured. If a male 
died, it was replaced by another one. 
During Experiment I all of the eggs 
each female laid each 24 hour period 
were counted and cultured. The adults 
which emerged, and the pupae which 
were formed, were counted. For Ex- 
periment IT all of the eggs each female 
laid each 24 hour period were counted 
hut only a sample of five eggs per fe- 
male per day was cultured. The sam 
ples of eggs were placed in rows on a 
small piece of filter paper which was 
placed on the surface of approximately 
12-15 ce of food in a vial. Daily exam- 
inations, with a dissecting microscope, 
were made through the sides of the cul- 
turing vials to determine egg-hatch. The 
“collapsed balloon” appearance of an 
egg was taken as an indication of hatch. 
Counts were made of the adults which 
emerged and of the pupae formed. 


The culture medium employed through- 
out was the standard cornmeal, agar, 
and molasses food which had been en 
riched with bakers’ yeast prior to auto- 
claving. No live yeast was added. The 
mean culturing temperature for [-xperi- 
ment I was 21°C and for Experiment 
II, 24°C. 

On the 21st day of Experiment II, 
the females were dissected and their ova 
ries fixed, stained, and mounted. 


Results 


Individual day to day variation in fecundity 
was so high as to render the analysis of ques 
tionable value. However, treatment and days 
after treatment made highly significant con 
tributions to the variance. Table I summarizes 
the general tendencies in fecundity. It will be 
noted that, except in the 5,000 r series, there 
was an increase in fecundity for the 20 day 
observation period. This would account for 
the high significance of days following treat 
ment. The effects of the higher dosage were 
deleterious. Even though the egg production 
was lowered by 2,500 r, this reduction was less 
than one-half as great as the reduction result 
ing from 5,000 r treatment 

Since the numbers of eggs cultured 
not always equal, it was necessary to evaluate 
the fertility data by the use of proportional or 
values. Consequently, the method 


were 


percentage 
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sposing percentages to angles 


was used for all calculations 
proportions ol the eggs produ ed to 

the adult stage are combined for five 
day periods in Table II]. The low 
the 16-20 day Experiment I] 
due to an unaccountably heavy micro-organ 
contamination of the cultures on the 17th 
rates of pupation were al 


values for 


period of were 


isimiic 
and 19th days. The 
ways very similar to those of adult emergence: 

In Experiment II, observations were mad 
of egg-hatch. The 
hatch are presented for five day 
Table IIT. Inasmuch as the pupation rates 
very close to the adult i 
comparison of the egg-hatch and adult emer 
a high larval mortality 


, | 
proportions of ¢ 
perio 


emergence 


gence heures showed 

Il « es 
es of the variance were made for the 

egg-hatch (Experiment II only) data, for the 

proportion of the eggs form pupae, and for 

the proportion of the 

case, the experimental variables 


e eggs to become adult 
In every 
treatment and days after treatment made high 
ly significant contributions to the variance 
ontribution of age of the females at the 
of treatment was not significant in any 
‘ Yanders,!! who X-rayed DP). robu 
male found that all three variables (treat 
ment, age, and days) made higl 
contributions to the variance 
sults it was that the 
were less susceptible to evg 
puirment by the treatment 
experiment indicated that 
susceptible to reduction of 
radiation than were the males in 
reported by Yanders. In all compari 
tween this work and _ that Yanders, egg 
hatchability is the criterion for This 
necessary to omut periment I 


significant 


evident 


iT rtilit 


fertility 


makes it 
data in which observation 


vere 


not made 


TABLE I. Mean numbers of eggs per female per day 
for five day periods. Old 17 day old females; 
Young 10 day old females 


Fxpe ent I 


VARIATION BETWEEN OVARIES 


Figure 12 


Camera cida drawing showing 


outline sketches of the ovaries of 


from | xperiment I] 


a gr phi representation 


Figure Il is 

omparative egg-hatch fertility of the 
and non-treated groups It will be notec 
there are no consistent differences due 
time of treatment 


in fertility of the 5,000 


female 
group on the eighth day may have 


from experiment il error 


On the 2Ist day 
ment II, the females were dissected and 
tained, and mounted, Figure 
1 a series Of COMmMpo ite camera luc ida 
drawings of the ovari The degree of 


alter treatment 


varies fixed 


tion in outline size between individual ov 
een. In making the sketche the mall 

vas arbitrarily draw 

no detectable differ 

older and 
Neither were tl 


2,500r treated 
group Phe 


ferences between 
treated cor 
of the ovaries 


, 
) Irom temalte 
5.000 4 








The Journal of Heredity 


YOUNG 


Oo 
Oo 
wo 
N 


Controls 


OVARIES FROM TREATED AND CONTROL GROUPS 


Figure 13 
lhe above photomicrographs illustrate certain of the ovaries of the females from [xp 


ment I] 
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Gowen and Johnson,? fecundity is a difficult 
phenomenon to control experimentally. ‘The 
numbers of eggs laid are dependent on the 
physiological conditions of the individual fe 
male as well as upon environmental conditions 
The variation in fecundity obtained in this 
problem was such as to make it unreasonable 
to draw any conclusions concerning the pre 

ence or ovarian rhythms similar 
to those noted by Donald and Lamy or Gow 
, ovarian 


absence of 
en and Johnson. The possibility of 
rhythms and the probability of insufficient ex 
perimental control could account for much o 
the variation encountered 

The lack of a linear relationship between 
the dose and the resulting decrease in fecundity) 
is consistent with the findings of Gowen and 
Stadler.8 They hypothesized a threshold treat 
ment of 2,500 r below which no significant ef 


production could be determined 
| 


lect on egg 
An analysis of the data from the present in 
vestigation, omitting the 5,000 r treated s« 
ric indicated that the lower treatment n 
significant contributions to the variance 
of fecundity in both experiments. The limited 
number of doses used in this work does not 
warrant drawing conclusions in this matter 
The impairment of the fecundity by both treat 
ment levels is indicated in Table I. The gro 
of this impairment in the higher treat 
series was the destruction of the 
ring that there seemed to be rela 
recovery of the fecundity of thes 
19 days of the observ 
considering t! 


highly 


ovari 

Conside 
tively little 
females for the last 
tion ne riod ( Table [). and 
morphological condition of their ovaries (Fig 
ure 13 it unlikely that any effective 
degree of recovery would have occurred sul 
Further investigation will be ne 
r iry to correlated 
production and morphological 


cems 


equet t! 
patterns of egg 


features devel 


trace 
oping trom treatment 

In comparing the re S resent study 
with the results of Yanders,!! it should he 
remembered that the two problems were sepa 
by a time lapse of one year. During tl 
flies were inbred by full-sib mat 
minimum 


rated by 
nterval, the 
until a 
of 0.50 was 


coethcier 
limite 


inbre¢ 
Nevertheles 
| " 


mcerning the dil 


ngs 
obtained 
comparisons will be made cc 
ferential effects of X-ray 
and females as evidenced 
Sonnenblick,!9 observing ay inducec 
ductions of fertility in 1). melas 


jaster male 
and female for a 24-48 hour period following 


treatment, found that the females were more 
su ceptible than the male I} result are 
in agreement with the port 


Yanders i! 


nterpret 


he results of 
robusta King® 
being due to more 
undergoing si 
mosome 
Considering 


two exe 


treatment 


18] 


using strains of D. melanogaster, found that 
the males were more susceptible to reduction 
in fertility es. On the 
other hand 

tatively similar effects for irradiation of 
and eggs Such 
that inter-strain 
well a 


than were the femal 


Gowen and Stadler® found quanti 
perm 
discrepancies may indicate 


difference 
differe: 


operative as 
inter-specifi 
If we consider the 
hatchability followin 
parents, LD). ro 
covering t} 
idered that 
parent 


male were 


hatchahility 
re own 
found not to f 

cording to the istributi 
nedecor.® rking 


agaster, found that productivity 


curve 


‘ King5® vy 
normal following treatment fat 
in female than in males rt 
flect a difference between the t 
Probably the most 
of J). » 
bution of age o the t 


hatchability. In the 


re li ible 


tween the exe 


\ 
| hale 

gnificant contributions to t 
with femal 


ite that the relative 


was not the 


1 


ry! nd 
yy indi 


Percent of eggs cultured to become adult 
(presented for five day periods) 


TABLE Il 


Ix t I 


Percent of eggs to hatch. (presented for 


five day periods) 


rABLE III 
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development of the eggs are similar in indi 


viduals of both age groups. 
Summary 


This experiment was designed to test the 
effects of X-rays on the fecundity and fer 
tility of D. robusta females. The experimental 
variables were X-rays, age of females at the 
time of treatment, and days following treat 
ment 

It was demonstrated that 5,000 r of X-rays 
reduced fecundity. Even though egg-produc 
tion was reduced by 2,500 r, the reduction was 
less than one-half as great as for the higher 
The degree of reduction tended to be 
obscured by considerable individual variation 

Observations on egg-hatch indicated a gen 
erally higher rate of X-ray induced reduction 
of egg-hatchability in females than that re- 
ported by Yanders!! for males of this species. 

On the 21st day after treatment, the females 
were dissected and their ovaries examined, The 
ovaries of females which had been exposed to 
5,000 r were atrophied. There were no de 
tectable differences between the old and young 
females treated alike or between the 2,500 r 
non-treated groups 
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MORPHOGENETIC STUDIES OF 
THE RABBIT 


XIV. Manifestations of regional growth at onset of vertebral ossification 


D. D. Crary 


REVIOUS qualitative studies of 
axial skeleton and vascular varia- 
tions and quantitative studies of 

the vertebrae and sternebrae have dem 

onstrated thei 
the differentiation of localized areas of 
greater or lesser growth in several races 
of rabbits*®. In hybrids between 
these blend ot 


value as landmarks in 


these 
races areas ot vrowth 


interact, and in subsequent generations 


there is evidence of genetic s vregation 
in much the same manner as in quanti 
tative studies of body size,* 4 ® thus sup 
plying a clue to the genetic nature of the 
processes which induce them. Specificity 
of gene activity, however, remains un 
determined. In parent races these differ 
ences in growth are 
established at birth and are altered very 
little after 75 days of age. 
gin, however, in most cases is obviously 
prenatal at which time the rapid rate of 
differentiation is such that landmarks in 
bone, which define them postnatally, may 


heir 


clearly 


regions 


Their ori 


or may not be the same as those of t 
origin in mesenchyme, cartilage, or even 
in early bone formation. Consequently, 
any attempt to trace them to that origin 
must be made at such a frequency of 
that identity of adequate land 
marks 1s 
The present study attempts to determine 
whether the inherent differences in re 
gional growth between certain races of 
rabbits (IIIT and X) postnatally 

be found in 2] 
time the centers of 
vertebrae are being established, and dif 
growth and differen 


stages 
assured from stage to stage 


day embryos. 


ossification 


ferences in rate of 
tiation should be 
presence or absence of ossification, by 


Jackson Memorial 


*Roscoe B 


tion of the Committee on Growth of the 
Institute of the National Ins Health 


titutes of 


AND 


clearly defined by the 


Laboratory, 
supported (in part) by research grants from the 
National 


Public 


gee 


SAWIN* 


lL by the 
pattern determined by the incidence and 
vertebra in to the 


Because of the significance which 


the amount in each vertebra, an¢ 


size of each relation 


others 
has been associated with onset of ossifi 
this 


cation in relation to growth, paper 


will deal only with the incidence of ossi 


fication centers of the axial skeleton at 


Quantitative data with respect 


this age 
to progre 
ated 
munication 


ss of ossification once iS init 


reserved for a later com 


will be 


Materials and Methods 


\ total of 103 embryos of race ITT and 
64 of race X have been examined at 21 
days post copulation for the presence o1 
centers of the 


centra lo obtain 


absence of ossification 
and 


embryos, 


neural arches 

female rabbits were 

10 and 11 A.M Lhe 
1 


en taken by Cae: 


these 


mated between 

embryos were th irean 
section as exactly as possible at 21 days 
rabbit does not ovulate spon 
taneously but 10 hours after the stimulu 


Since the 


of mating, and fertilization takes place 
1% to 3 hours later?!, 
embryos is reduced by this much, Speci 


the exact age of 


mens were placed individually into jar 
of 0.9 N saline as 


in the uterus, 


removed, and the ordet 


live, dead, re 


condition (a 
an | any al omalous ( ond 
recorded, This 
was particularly important in the light of 
the subsequently 
found. At the end of the operation the 
from their pla 
and = surrounding 
weighed, tagged and fixed for 15 minute 
fixative. The short 
hardened the 3] in 


sorbing, et ), 


tions were Information 


amount of variation 


embryos were removed 


entae membranes, 


in formalin al ohol 


; ; . 
time in the hxative 


Jar Harbor, Maine. This 
American Cancer Society 


Research Council 
Healt} ervice 


investigatior 
upon rec 


and the National 





eas ibae : 
pees reese cee -—> 


ANAS 
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just enough so that the embryos were 
easily handled, but did not harden other 
tissues, thus speeding the subsequent 
\fter 
fixation the embryos were skinned, evis- 
cerated and placed in 1 percent KOH to 
which a small of concentrated 
alizarin was added (about 10-12 drops 
per 200 cc of KOH). The 
overnight when all osseous ele 

were bright red, and 
‘n transferred to equal parts of 35 per- 


clearing and staining processes 


amount 


specimens 
were left 
stained a 


cent alcohol and gly erine for clearing. 


lo prevent the crania from collapsing 


permanently, the skulls were pierced at 
t After 24 hours the specimens 
h 


his time 
were clear enough to be studied. Using 
a binocular 
tion, 
and 


centers re 


scope with 9X magnifica 


all extraneous tissue was removed 


presence or absence of sification 


orded 


Observations 


The range of variation in appearance 
neural arch and centra ossification centers of 
the vertebrae of races III and X at exactly 21 
days is shown in Figure 14 

QOssification of centra from 
either race to a maximum appearing on verte 
brae 2-28 in race III, and on two to 27, with 
the exception of vertebra 7, in race X In 
race X (top) all three figures show the pre 
cocious ossification of neural arches, not found 
in race III (bottom). 


Neural d {ri hes 


rhe proportion of individuals showing ossi 
fication of the neural arches of each vertebra 
in races III and X is shown in Figure 15 
facts portrayed here are of major significance 
(1) At this age there seems to be 
tern of neural arch ossification which is com 
mon to both races and perhaps for rabbits in 
general. (2) Race X is significantly more pre 
cocious in the onset of ossification of the neu 
ral arches in all vertebrae except the first 
cervical and from vertebra 24 posteriorly 

As shown in pattern 


Vari none in 


Ossification of 


lwo 


a basi pat 


Figure 15, the basi 
which consists of three distinct areas of greater 
incidence in each race separated by two areas 
in which ossification lags, (portrayed by peaks 


185 


and yalleys in the graph) is quite similar, but 
in general race X rhe 
neural arch of vertebra | of both races is ossi 
fied in 100 percent of individuals and comprises 
peak The first centered 
ra 7 24.3 
percent in race III and 48.5 percent in race X 
valley vertebra 15 
in race III (incidence 13.6 percent), and vert 
bra 16 in race X (incidence 53.1 percent), and 
the peak is on vertebrae 10 and 11 in race III 
(incidence 62.1 percent), and on vertebra 11 


race X 


more advanced in 


valley is 
where the incidence 1 


The second is centered on 


only, or slightly more posteriorly, in 
(incidence 90.6 percent). The third peak is 
centered on vertebrae 21 and 22 in race III 
(incidence 45.6 percent), and on 20 and 21, or 
slightly more anteriorly in race X 
70.3 percent), In these two apical 
vertebrae are the first two 


(im idence 
each race 
lumbar vertebra 
(lacking ribs), since in the population 
III has 13 pairs of ribs in 
and race X only 12 in 76.5 percent 
the incidence of neural arch centers is 
greater at this peak in race X 
III, it declines to zero on vertebra 28 
race II] 
race III has 27 
percent ol 


race 
92.2 percent of cases, 
Although 
much 
than in race 
whereas 
vertebra 29. How 
presacral vertebrae in 
race X only 26 in 
each race the first 


reaches zero at 
ever, 
87.3 and 
73.3 that in 
sacral vertebra is inciuded 
It should also be noted that the first area of 
increased incidence of ossification involves the 
vertebrae only, the s« 
vertebrae 8-15 (Race III), or 8-16 (Race X), 
which are thoracic, and the third involves ver 
tebrae 16 to 28 (Race III) or 17 to 27 
X), which are thoracic, lumbar, and 
Furthermore exception of the 


cal region when neural arch 1 is the first 
verte 


Cases, 


percent so 


ond nvolves 


cervical 


(Race 
acral 
cervi 


with the 


all animals, ossification of 
Dprae progresses both cephalad and caudad from 
the point of origin (point of 
each of these regions until it meets 


to ossity i 
} 


greatest inci 
dence ) 0 
with outward migrating ossification of the ad 
joining Once ossification of adjoining 
definition of the area by this 
(incidence of longer 
useful. Hence, although the 
hcation centers 1s greater in 
thoraco-lumbar group, as 1s the case 
cervical and thoracic groups 
vertebrae actually involved in the group (ver 
tebrae 17 to 27) is actually less by two than 
in race III which includes vertebrae 16 to 28 
At the same the thoracic 


area 
areas is complete, 
criterion centers) is no 
incidence of ossi 
race X in this 
with the 


the number of 


time group ot verte 


VARIATION OF OSSIFICATION IN TWO RACES 


Figure 14 


<t The variation in the 
(top row) at 21 days post-copulation 


ossification of the centra. Note precocity ir 


throughout, and that centrum 7 is unossified in race X, 
mum shows ossification of centra 17 and 18, whereas 54.4 percent of 


ount of ossification is 
Left to right shows 
amount of ossification of 


hown in races III (bottom row) and X 
minimum, average and maximum 
neural arches in race X 
but present in race III. Race III mini- 
individuals manifest no 


ossification, as compared with 34.4 percent in race X 
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PERCENT INCIDENCE OF NEURAL ARCHES 


SIGNIFICANCE 


RACE 1 @—— N= i103 


RACE X °---- N= 64 


2! DAYS 





P=¢.01 
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VERTEBRAE 
CENTERS OF OSSIFICATION OF NEURAL ARCHES 


Figure 15 


The incidence of centers of ossification of 
in races III] and X 


test, p 01, and for 22 


22 and 23, p 05 
brae of race X includes one more vertebra 
than it does in race III. The significance of 
these racial differences will be discussed below 
Ossification of Centra. The incidence of 
ossified centra of each of the vertebrae of both 
races is portrayed in Figure 16. As with the 
neural arches, there also appears to be a pat- 
tern of centra ossification which is common 
to both races. It is also based upon the same 
three areas defined by peaks of high incidence 
separated by valleys of low incidence, but the 
pattern of expression is quite different. The 
thoraco-lumbar area, which by incidence is the 
largest in both races, begins to show in race 
X an increased incidence of ossification on ver 
tebra 15 (one vertebra more anterior than in 
the neural arches). It reaches a peak on verte- 
bra 18 (incidence 68.1 percent), tapers off 
slowly to 50 percent at vertebra 25, and then 
declines sharply to zero on vertebra 28. The 
same area of race IIT begins also on vertebra 


All differences from vertebrae 


shown 
y2 


the neural arches of vertebrae 1-29 is 
2-21 ara statistically significant by the 


15 and reaches a peak on vertebra 17 (inci 
dence 29.8 percent). It declines to 33 percent 
on vertebra 20 and then forms a second peak 
on vertebra 24 before again declining to zero 
on vertebra 29, Attention is particularly di 
rected to this double peak because of its rela 
tion to the vertebral pattern in later life, which 
will be referred to later 

With regard to the cervical and thoracic 
areas, the differences between these two races 
are not statistically significant. In both races 
the incidence of ossification in the cervical 
area begins with no ossification in the atlas, 
reaches a peak of approximately 9 percent on 
vertebrae 2 to 4, and declines to approximately 
zero on vertebra 7. The incidence in th 
thoracic area reaches a peak on vertebra 12 
(incidence 19.4 percent in race IIT, 17.2 per 
cent in race X) and declines to vertebra 14 
(incidence 14.5 percent in race IIT, 7.8 percent 
in race X), with a somewhat greater spread 
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RACE Ml eo—— N 


RACE X o---- NWN 
21 DAYS 


INCIDENCE OF CENTRA 


PERCENT 


SIGNIFICANCE 


pee cane eee cemmcrm 
P=¢.01 
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VERTEBRAE 


CENTERS OF OSSIFICATION OF THE CENTRA 
Figure 16 


incidence of centers of os he centra of the anne 


higt Significant differences, | ,' found for vertebrae 


etween races In these race the number of i the apparent rever al 
vertebri in the cervical and t acic areas | 
he same for both centra and neural by variou iuthor 
that initiation of 


lly o ation, occur 


= 
relieve is a tact whe 


difference between the centra more pecifica 

patterns of these two races at this age thu growtl temporarily retarded, whether 

to be primarily centered in the thor ind 1 by environmental influence uch a 
abnormal influ 


the individual 


appear 
aco-lumbar area and to be confined population temperature, by normal or 
vise to the relative proportion of individuals ences inherent generally 
vhich each centrum is ossified and does not inimal, or by those 
a difference in the number of vertebra In view o is relation 


. 1 = 1 . 
The difference in number of centra — ogsifieatic e increased incidence of ossif 


| a ilized 


this area, however, is highly sig cation cen s in both neural arches and centra 
(v2 


‘ 7 ) nls 
for vertebrae 17 to 21 only X n race X, as compared to race III, is explain 
Ol), and by comparison the pat . as a direct result of the earlier retard 


ossification of the other two areas o ion of growth in race X. which normally a 
how no significance statistically ' initiation of each vertebral ossification 
, F In race X 65.7 percent of the possible neural 
Discussion arch centers from 1 to 27 show ossification by 
21 day whereas in race III beginning o 


From the observations by Castle and Greg 
ory,’ and Gregory and Castle,!! upon birth 1 
weights and rate of cell division, it was con that only 2 percent have appeared 
cluded that the rate of growth is more rapid tain centers (those of 5 to 7 al 
in large race rabbits than in small. This he appear in rel animal 
The irregul 


incidence in tl urves of 


fication 1s » recent an event in these unit 


ing true it may appear some what surprising to 
find that at this age the ossification pattern of 
race X, which is a small sized race (mean rtebrag i of particular significa 
adult weight 2200 gm), as measured by inci portraying the differentiating growt 
dence of ossification centers, is in general more In human embryos, as shown b 
advanced than in race III (mean adult body the neural arches begin to os 
weight 3900 gm.). The clue to the significance \ bra 1 and proceed caudad in suc 


the t vo center 
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in harmony with the antero-posterior or 


cephalo-caudal growth hypothesis of the early 
embryologists,!4.7,15,16 and this in general is 
the pattern in the rabbit except that the de 
cline in height is broken into waves of inci 
dence with three peaks (cervical, thoracic, and 
thoraco-lumbar), separated by valleys of de 
layed development. The fact that the curves of 
incidence of the neural arches of the two races 
are so closely parallel in all three regions in 
dicates not only a similarity in overall growth 
pattern but also a racial difference in growth 
rate insofar as the neural arches are concerned 

With respect to ossification of the centra, 
however, the patterns are significantly differ 
two ways, involving further distinct 
differences. In the first place, the 
pattern of greatest incidence of the centra of 
the several regions is regionally in reverse 
order as compared with the neural arches, the 
thoraco-lumbar centers being most numerous 
and the thoracic and cervical less so in that 
order, indicating that initiation has been pos 
terior and growth is proceeding in both an 
terior and posterior directions. This pheno 
menon is quite well known,!%!% and is char 
acteristic of mammals and vertebrates general 
ly, although the patterns vary from class to 
The 


however, is, 


ent mn 
localized 


class and species to second and 
most significant characteristic, 
that between the two races, the three distinct 
regions do not show proportionally the same 
parallel of incidence shown in the arches 
Whereas the centra of the thoraco-lumbar re 
gion show approximately the same significant 
between-race difference in incidence of ossifi- 
cation centers as in the neural arches, in the 
cervical and thoracic regions the incidence is 
much less than in the thoraco-lumbar and al 
most identical in the two races. This is an 
indication that both races are growing here at 
approximately the same rate and so rapidly 
as to delay initiation of centra ossification 
This particularly indicates a relatively greater 
growth in race X, in which there should be 
much more ossification, judging by the other 


spec 1¢s, 


centers 
Whether the determining factor for the ini 
tial ossification of each center (neural arch or 
centrum) is one associated with the primor 
dial growth gradients of the notochord versus 
that of the nerve cord (see Holtzer!*), or with 
muscle attachments of the neural arches versus 
those of the centra, is in this case unknown 
But the difference in the overall incidence of 
the neural arch centers versus centra centers 
suggests that the influences affecting the two 
are being exerted at about the same time in 
development, and those of the neural arches 
possibly being slightly earlier. Since the 
neural arches involve quite separate muscle 
complexes from those of the centra, and are 
known phylogenetically to vary between 
groups,!7 it seems possible that the racial dif 
ferences in ossification pattern portrayed here 
not only reflect differences in muscular devel 


The Journal of Heredity 


opment, but also are a reflection of type and 
conformation qualitatively observable between 
the two races and merit further study in this 
connection 

Because the curves of 
ral arches of all three areas 
are so nearly parallel, they would seem to 
under the same sort of growth influence which 
is acting in a general way throughout the 
neural arches if not the entire animal, possibly 
same general size influence which 
Gregory and Castle!! found to be initiated in 
early cleavage of the egg and which tends 
longer in the larger sized race. The 
contrast in pattern of the centra as compared 
with neural arches, in which the cervical and 
thoracic regions of the two races are almost 
identical and relatively retarded, not only 
evidence that centra and neural arches are not 
under quite the same control but that some in 
fluence in race X is inhibiting a parallel inci 
dence of ossification in the anterior region, A 
parallel situation having been demonstrated 
by Baumgartner and Sawin! for the ribs of 
these two races at 17 to 18 days of age, we be 
lieve that this difference in centra is a likely 
result of the same influence, although the ef 
fect on the ribs is in a major degree obliterated 
before 21 days. Further, a more permanent 
evidence of its existence has been noted by 
Peck and Sawin*® in the sternum. Race X 
tends to possess an extra or seventh sternebra 
found embryologically and persisting in the 
adult While each of these items in itself 
of significance, taken together they all point 
to the existence of a localized region of greater 
growth anteriorly in race X at this time 

The greater growth area recognized in race 
III] in the lumbar or thoraco-lumbar area?° 
is not so obvious in these 21 day embryos. It 
manifest by the thoraco-lum 
between race difference in incidence of 
by the decline in incidence on the 
of the transitional ver 
sometimes thoracic (bearing 
lumbar, both of which 
are statistically significant. It is further ap 
parent by the difference in size of this 
between the two races, indicated by the longi 
tudinal number of centra ossified. Likewise, it 
is of significance to note how increase in size 
(number of centra) of the thoraco-lumbar area 
is interrelated with decrease in the thoracic 
area. The balance between the growth of thes« 
two regions thus offers a possible solution to 
the irregular inheritance of rib number con 


. ry 
incidence of the neu 
in the two races 


be 


being the 


t 
to 


persist 


is, neverthel 3S, 
bar 
centra and 
th vertebra (the site 
which is 
sometimes 


tebra), 
ribs) and 


area 


monly observed 
To what extent these growth differences 
may be identified with single gene substitutions 
cannot be ascertained without a study of hy 
brid embryos, and such study is now in prog 
gress 
Summary 


Examination of 103 embryo rabbits of race 


III (targe adult body size) and 64 of small 





Crary and Sawin: Morphogenetic Studies of the Rabbit 


ized 


X, at 21 days post 
the presence or absence of 
i the neural arches and centra of 
rae, shows that for these there is a 
rn involving three groups of verte 
yrae (cervical thoracic and tl 
common to both and therefore perhaps 
to rabbits in However, race X is 
significantly precocious in the t 


opulation, for 
ation centers 
the verte 


race 


ossific 


centers 
asic patte 
oraco-lumbar ) 
races, 

general 
more 


onset of 


all neural arches ¢ xcept those of the first verte 


ra It alse 
cation of the 


shows a similar precocious ossifi 
centra of the the lumbar re 
yrae 1/7 to 2] Sif 


vertebrae, including 


race 
m (verte ition ot 
the centra of all othe 
cervical and thoracic, are not statisti 
nificant The major 
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ference in proportion ot 


ally sig 
hetween the 


two races at this 


difference 
, age 
relative regional dif 
centra and 
num 


center 


ssifiec 
in a minor degree to a difference in the 
ber of vertebrae new 
of ossification are knewn to arise in regions 
of retarded growth, the precocious 
or its lack, nters ot 
interpretable as the result of the 
which have produced 

ons of accelerated and retarded growt! pre 
viously noted in postnatal populations by sev 
eral investigators, A clue 1 suggested 
to the nature of action in determining 
racial differences in rate of growth and 
SiZ¢ 


involved. Since 
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STRAIN DIFFERENCES IN THE RESPONSE 
OF THE MOUSE UTERUS TO ESTROGENS 


Marion LL 


HE investigation of genetically de- 

termined differences among -jnbred 

strains of mice is considered gen 
erally to be of interest not only to pure 
geneticists but also to be of value in the 
interpretation of similar physiological 
differences in other species where ge 
netic control may be expected to play a 
part, 

It has been reported earlier by Silber 
berg and Silberberg® that the sensitivity 
of the uterus to estrogen is in 
inverse relation to the incidence of mam 
mary tumors characteristic of the strain. 
In their experiments the criterion used 
for judging uterine response was largely 
histological (microscopic examination of 
the uterine endometrium). Data accum 
ulated during the course of other ex 
periments in this laboratory indicated 
that if one used weight response of the 
uteri coupled with observations on the 
nucleic acid content of the uteri, a dif- 
ferent picture might be obtained. The 
study by Silberberg and Silberberg in 
estrogens at 
two 
two 
Pre 


mouse 


the injection of 
weekly intervals and sacrifice of 
animals of each strain after 
weeks or 1, 2, 3, 5 and 8&8 months. 
liminary experiments in this laboratory 
indicated that while there are strain dif- 
ferences in the response of the uterus to 


volved 


one or 


a brief period of estrogen stimulation, 
other more pronounced differences ap 
pear when the extent of uterine regres- 


treat- 
such a 


sion after cessation of estrogen 
ment is observed. Results of 
study, in which strains exhibiting high 
and low incidences of spontaneous mam 


mary tumors, including a genetically sus 


*Research Associate of the Roscoe B. Jackson Memorial Laboratory 
This investigation was supported in part by a research 


Health, 


Institute, of the National Institutes of 


DRASHER* 


ceptible strain freed of the mammary 
tumor inciting agent (MTI), have been 
studied, seem to confirm the conclusions 
arrived at by Silberberg and Silberberg 
when long term observations are 
made. In the experiments described be 
low, the extent of utrine 
estrogen after short term administration 
does not seem to bear any relationship 
to the mammary tumor incidence of the 
strain nor to the presence or absence of 
MTI. The extent of regression follow 
ing cessation of stimulation does seem 
to correlate with the genetic susceptibil 
ity of the strain to mammary tumors. 


only 


respolise lo 


Materials and Methods 


Two high mammary cancer strains 
(DBA/I and C3H/He) and three low 
mammary cancer strains (C57BI_/6, 
129, and C3H,/JFe) were chosen.+ 
Strain C3H,/JFe is genetically suscepti 
ble to mammary tumor development but 
lacks MTI. Groups of virgin female 
mice, five months of age were used. In 
order to eliminate endogenous sources 
of estrogens all animals were castrated 
10 days prior to hormone administra- 
tion. This interval between castration 
and treatment allowed for fairly com 
plete uterine regression to the castrated 
condition, Each strain group was divid 
ed into four sub-groups; 1) to observe 
the uterine effect of the administration 
of three one gamma doses of estradiol 
dipropionatet on the Ith, 12th, and 
13th day after castration with sacrifice 
being made on the 14th day (group 
#21.) ; 2) to provide untreated castrated 
controls for this two week period (group 


Bar Harbor, Main 
grant from the National Cancer 


Public Health Service 


+This terminology is that set up as the standard nomenclature for inbred strains of mice 


by Carter et al.) 


tEstradiol dipropionate (Pyrogynon-DP) was the gift of the Schering Corporation, Bloom- 


field, New Jersey 
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Drasher: Strain Differences in Estrogen Treatment 


2); 3) to observe the degree of uterine 
regression apparent six weeks after this 
three day period of estrogen stimulation 
(group #8E); and 4) to provide suit 
able untreated, eight week 
controls for the third group (group @8). 


castrated 


Estradiol dipropionate was adminis 
tered subcutaneously in 0.2 ml of sesame 
oil, one ug being given on each of three 
days (11th, 12th and 13th) of the ex 
perimental period. Animals were sacri 
ficed by dislocation of the cervical verte 
brae and the uteri were removed imme 
diately and wet-weighed after blotting 
and removal of any accumulated secre 
tions present in the The uteri 
were then processed as described previ 


lumen 


ously* for subsequent determination of 


desoxyribonucleic acid (DNA),?. ribo 


nucleic acid (RNA)* and protein nitro 
gen.4 These determinations give an es 
timate of 1) the total number of uterine 


(total DNA); 2) an estimate of 
he potential for protein synthesis (to 
tal RNA) true tissue growth 


(total protein nitrogen ) 


1] 
CCS 


and 3); 


Observations 


Results of the determinations on these uteri 
are presented in Tables I and II. It will be 
noticed immediately that the uteri of strain 
129 mice have responded maximally when 
compared with the other strains (Table I). 
The administration of 3 ug estradiol dipropio 
(groups 92E) results in an increase of 
127.5 mg. Strains C57BI./6, C3H/He, C3H./ 
}Fe and DBA/I show 63.0 
mg, 58.5 mg, 74.7 mg and 80.6 mg respectively 
Similarly increases in total DNA (relative 
number of nuclei), total RNA and total pro 
tein nitrogen in strain 129 after short term 
estrogen administration are extremely exag 
gerated when compared with the other strains 
used in this series of experiments (Table 1) 
is there any 
mam 


nate 


increases of only 


In none of the cases observed here 
apparent correlation present between 


TABLE I. Absolute increases in the weights, DNA, 

RNA and protein nitrogen contents of the uteri of 

castrated mice receiving estrogen, followed by immedi- 

ate sacrifice (groups (2E). (Means of groups consist- 
ing of five to 18 animals.) 


S7BL/6 CiH/He ¢ 


19] 


mary tumor incidence and the weight increase 
after short term estrogen stimulation. This is 
also true when any of the other possible bases 
of comparison utilized here (changes in total 
DNA, RNA and protein nitrogen) are exam 
ined (Table I) hese results indicate that 
in all respects the DBA uterus is more re 
sponsive than the C57BL/6 uterus. 
However, when the results after six weeks’ 
cessation of the estrogen stimulation are 
sidered a somewhat different picture 
The uteri of both strain 129 and 
fail to regress in nearly so marked a 
as do the uteri of strains C3H/He, C3H 
DBA/I1. Indeed, the uteri of strain 
continue to both weight 
protein nitrogen content during this 
six week period without estrogen and the 
uteri of C57BL/6 mice increase in weight 
total DNA and total protein mitrogen content 
alter a 


con 
emcreges 
C57BL/6 
manner 
Ie 
and 129 
actually 
and total 


mcrease in 


The absolute changes in these values 
period ot no 
when compared with the values 
short term administration 
pared with groups ®8E) are 
Il. When the data are treated in 
the animals fall easily into 
showing no or minimal regression 
129 and C57BL/6) and those regressing a 
expected (strains C3H/He, C3H./JFe and 
DBA/1). It may whether these 
results of such longer observation period 
I much relation to the situation as it 
exist in normal intact females. However, they 
may well be a parameter of some 
of endocrine balance which is important in 
the mammary cancer, Obviously 
this is a separation of the animals 
to the susceptibility to 
mors occurring spontaneously in thes 
It is interesting to note that the pre 
absence of the mammary tumor 
effect on this uterine response, which 
to be determined entirely 


estrogen treatment 
reached after 
21 com 
shown in Table 
th manner 


six week 


(group 


two groups, those 


(strains 


be questioned 


ea}? may 


very aspect 
genesis ot 
according 
mammary tu 
trains 


genet 


ence Or 


incitor ha 
genet ally 


Discussion 


The data presented above on the immediate 
response of the uteri to 
and the behavior of the uteri during u 
quent regression indicate ‘that the strat 
ied here (129, C57BL/6, C3H/He, C3H 
DBA/1) differ i 


stimulation 
} 


estrogen 

se 

tud 
Ike 


and everal way The 


TABLE II Absolute changes in the weights, DNA 

RNA and protein nitrogen contents of the uteri of 

castrated mice receiving estrogen, followed by a six 

week period of no treatment before sacrifice (groups 
@2E compared with groups (8E) 


BL/6 CiH/He Cit 
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uteri of strain 129 respond maximally with 
respect to increases in wet weight, total DNA, 
RNA and protein nitrogen. While the uteri 
of C57B1L/6 females are the smallest in the 
unstimulated groups, their response is similar 
to that of strain 129 with respect to the sus- 
tained weight increase in the ®8E groups 
The uteri of strain 129 show increases in wet 
weight and those of strain C57BL/6 show no 
decrease in wet weight, total DNA or pro 
tein nitrogen six weeks after the cessation of 
estrogen treatment, although their content of 
RNA has dropped. These uteri (groups 08E 
in strains 129 and C57BL/6 only) also showed 
thickened walls and were distended with a 
milky exudate at autopsy. This phenomenon 
was not observed in the other strains studied 
here. This response is also characterized by 
a delayed regression of those elements which 
are the slowest in the nucleic acid-protein 
forming system to increase after estrogen 
stimulation, namely uterine DNA and pro 
tein nitrogen.? It is probably not wise at this 
point to speculate upon the possible relation- 
ship of this type of uterine response with the 
appearance of uterine abnormalities in strain 
129 later in life. The results obtained in this 
study indicate that there are certain physio 
logical differences in inherent uterine reactiv- 
ity in the absence of ovarian function which 
must be genetically determined 

Silberberg and Silberberg® studied the dif 
ference in estrogen sensitivity in strains 
C57BL, DBA and A in an attempt to corre 
late this with mammary tumor production 
Their data showed that the C57BL uteri were 
more responsive to estrogen than those of 
strain DBA. The data obtained here do not 
substantiate this. In short term response to 
(groups @2F) DBA uteri appear 
more responsive than those of C57BL/6’s and 
it is only the delayed 
the latter strain which, over an extended ob 
servation period (groups @8E) makes them 
appear more responsive 

The presence or absence of mammary tumor 
incitor (MTI) does not seem to affect uterine 
response in strains C3H/He and C3H./IF« 
This finding substantiates the work of Tren 
tin® who was unable to find any relationship 
between the MTI 


and vaginal sensitivity to estrogen 


estrogen 


regression apparent in 


presence or absence of 


Summary 


A study was made of strain differences in 


of Heredity 


uterine response to short term estrogen stimu- 
lation and rate of regression after cessation 
of estrogen treatment. Degree of stimulation 
(based on increases in wet weights, total 
DNA, RNA and protein nitrogen) immediate 
ly following the administration of 1 gamma 
of estradiol dipropionate on three successive 
days showed strain 129 uteri to be most re 
sponsive, followed by strains DBA/1, C3H. 
JFe, “BL/6 and C3H/He in that order. 
Howe strains 129 and C57BL/6 fell into 
one gi up characterized by a very much de- 
layed regression when observed six weeks 
later. Strains C3H/He, C3H./JFe and 
DBA/1 showed a much more rapid regres 
sion. No relationship between the presence or 
absence of mammary tumor incitor and uter- 
ine response to estrogen was found. Evidence 
for inherent genetically determined physiologi 
differences in uterine responsiveness to 
estrogen in the absence of the ovaries was 
found. 
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GENETIC 
FOOTNOTES 


Fundamental Concepts 
of Genetics 


Dr. E. B. Babcock reviews the seven high- 
lights of the first half-century since Men- 
del’s paper was rediscovered. The bibliogra- 
phy includes the contributions of over a 
hundred geneticists. 

—60c per copy; $4.80 per doz. 


Mendel Issue— 
Journal of Heredity 

This issue contains a facsimile reproduction 
of Mendel’s “Experiments in Plant Hybrid 
ization” exactly as it appeared in the Ver- 
handlungen Naturforschender Verein in 
Brunn, Vol. 4, pp. 3-47. 

50c per copy 


Meiosis in Maize 
Charts and photographs illustrating the dif- 
ferent stages of meiosis. 12 pp 
-20c ea.; $1.25 per dozen 
Order from: 
AMERICAN GENETIC ASSOCIATION 
1507 M Sr., N.W., Wasninerton 5, D. C. 


























PROCEEDINGS 
of the 
AMERICAN BREEDERS 
ASSOCIATION 


Vol. I (1904) to combined Vol. 7 & 8 
(1911-12) 


Each volume in original binding of 
green cloth. Many of the articles are 
reports of original research made soon 
after the rediscovery of Mendel’s laws. 
For reference purposes they have a 
growing historical interest, and the 
earlier volumes are very hard to obtain. 
A few complete sets are still available 
at $35.00 per set of 7 volumes. Separate 
copies of Volumes 4-8 also for sale 
$4.00 per volume. 
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“A book by 
Darlington is always 
interesting and always 
controversial’’!* 


The Facts of Life 


By C. D. DARLINGTON 


*begins a review by Theodosious Dobzhansky of 
the Institute for the Study of Human Variation, 
Columbia University: 


“The importance of THE FACTS OF LIFE is that 
here an attempt is being made by a first rate mod- 
ern biologist to state the racist argument not in 
terms of the biology of 1900 or earlier, but in those 
of our own day. Not only is the argument thoroughly 
modern and consequently largely original; it is de- 
veloped with the aid of fine erudition and brilliant 
and forceful writing.” 


Julian Huxley agrees too that “This is a brilliant and 
stimulating book. The story of the growth of our 
superstitions and prejudices about human reproduc- 
tion and heredity has never been better told; and 
the chapters on the social and historical implica- 
tions of modern genetics are admirably provocative.” 
Darlington cogently points out the fact that social 
scientists have not given sufficient consideration to 
biology in handling the great problems of society. 
He shows the immense possibilities which await the 
application of the elementary principles of heredity 
genetics to education, medicine, crime and pun- 
ishment, marriage and divorce, the relations of race 
and classes—and takes a long view of evolution. 


467 pages ° illus. ° $7.00 
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To: THE MACMILLAN COMPANY, Box C51 
60 Fifth Avenue, New York 11, N. Y¥ 


Send me .... copies of THE FACTS OF LIFE 
by C. D. Darlington @ $7.00. 


C) Billme ([) Payment enclosed (Publisher pays 
delivery charge if you remit when ordering!) 
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